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RECORDS OF 
THE SURVEY OF INDIA. 


PART I.—TOPOGRAPHICAL SURVEY. 


NORTHERN CIRCHE. 
(Fsde Index maps 1 and 6). 


Five field parties worked in this circle for the last time; No. 9 Party 
having now been transferred to the Eastern Circle, all three circles are now 


composed of four parties each. 


During the past field season 27,529 square miles were surveyed consisting 


of— 


15,594 miles of l-inch Original survey. 


7,259 =~, 4 1 ,, Re-survey. 

3,584 (0? l ,, 

1,026 ,, 5, 2 4, Survey. 
66 99 99 2 93 Re-survey. 


Supplementary survey. 


The Riverain detachment carried out 436 linear miles of main and 1,984 


miles of minor traverse. 


The circle remained during the year undepr the superintendence of Colonel 


W. J. Bythell, R.E. 


No. 1 PARTY (KASHMIR). 
By Masokz C. H. D. Rypgs, D.8.0., R.E. 
The head-quarters of the party remained at Srinagar (Kashmfr) during 


PEESONNEL. 
Imperial Officers. 

Major C. H. D. Ryder, D.S.0., R.E., in charge 
from 10th April 1911. 

Brevt.-Major E. T. Rich, R.E., in charge from 
Sth Noverober 1910 to 9th April 1911. 

Lieutenant J. D. Campbell, B.E., in charge up 
to 7th November 1911. 

Lieutenant A. A. Chase, R.E, attached up to 
81st December 1910 and from lst March to 24th 
September 1911. 

ft icutenant K. Mason, R.E., attached from Ist 
April 1911. 

Provincial Officers. 

Mr. T. W. Babonau up to 7th November 1910, 

Mr. H. H. B. Hanby. 

Mr. D. K. Rennick from 18th March 1911. 

Mr. R. C. Hanson. 

Mr. W. J. B. Miller. 

Mr. W. P. Hales up to 2nd March 1911. 

Mr. Jiya Lal from 1st November 1910 to 19th 
May 1911. 

Upper Subordinate Service. 


Mr. Sher Jang, Khan Bahadur, from 10th De- 
cember 1910 to 10th September 1911. 

Mr. Natha Singh, Rai Sahib. 

Mr. Lal Singh, Rai Bahadur, from let Novem- 
ber 1910. 

Mr. Mahindar Singh, Probationer, up to 31st 
May 1911. 

Nr. Muhammad Husain Khan, Probationer, 
- ap to 31st May 1911. 


Lower Subordinate Service. 
25 Surveyors, eto. 


the summer field season, the area under 
survey lying entirely in the Jhelum valley 
in Kashmir Province of Kashmir State 
varying from the level swampy valley to 
the high ranges of the Pir Panjal, Kazi- 


nag, etc. 


Operations in the field commenced 
in March 1911 and will continue till 
middle of October. 


During the previous winter the party 
remained at Mussoorie doing map-draw- 


ing. 
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Topography.—The area surveyed on the scale of 1 inch =1 mile was 
3,514 square miles, the party being divided at first into 3 camps under 
Lieutenant Chase, Messrs. Hanby and Hanson ; afterwards the latter two alone 
had camps, there only being 20 plane-tablers at work. 

The following sheets were nearly completed and will be finished in October 
1911 :— : 

43 ig To 
43 Same 
43 ss 
43 % 
43 ° 
in all 15 sheets. Of these only 10 had been triangulated in advance. 

Triangulation.—Lieutenant Mason and Mr. Rennick commenced, and 
afterwards Lieutenant Chase and Mr. Miller were also started on triangulation, 
a total area of 3,079 square miles having been completed up to date. Of this 
1,829 square miles is in advance for next season. 

Fair mapping.— During last winter the following sheets were submitted for 


publication :— 
43 
43 _4_ 


1,3, 6 


G 
1, 2, 3, 4, 5, 6, 7, 3, 9, 10, 11, 13, 24, 15, 16 


No. 2 PARTY (PUNJAB). 
By Brevet-Masor E. T. Ricn, R.E. 
The head-quarters of the party remained at Sialkot throughout the field 


PERSONNEL. 
Imperial Officers. 

Brevet-Major E. T. Rich, R.E., in charge from 
15th Aprii 1911. 

Captain M.N. MacLeod, R.E., in charge up 
to 10th March 191). 

Lieutenant J. D. Campbell, R.E., attached 
from 8th November 191) to 10th March 191] 
and from 16th April to 14th July 1911; in charge 
from 11th March 1911 to 14th A ril 1911. 

Lieutenant C. M. Thompson, 1.A., attached up 
to 20th Maroh 1911. 

Provincial Officers. 
Mr. T. W. Babonau from 8th November 1910, 
Mr. F. B. Powell. 


Mr. W. J. Newland up to 18th April 1911, 
Mr. Kanak Singh. 


Mr. R. E. Saubolle, from 1st October 1910. 
Mr. E. C. O'Sullivan. 


Mr. J. McCraken from 9th January 1911. 
Mr. Jiya Lalfrom 20th May 1911: 
Upper Subordinate Service, 


Mr. Chuni Lal Kapur, Probationer, from 1st 
October 1910 to 19th August 1911 
Mr. Mahindar Singh, Probationer, from 1st 
June 1911. 
Lower Subordinate Service, 


42 Surveyors, eto. 


Topography.—The area surveyed on the two-inch scale 
miles and on the one-inch scale 4,971 square miles 


square miles. 


season, 


The area under survey lay in the 
Attock, Jhelum, Shahpur, Gujranwala, 
Gujrat and Sialkot districts of the Punjab 
and in the Native State of Jammu. 


The country under survey in the 
Attock and Jhelum districts comprised 
part of the salt range and was hilly, 
interspersed with deep ravines, 


The country over the remaining area 
surveyed consisted of dead level plain in- 
tersected by the Jhelum, Chenab and Ravi 
rivers and numerous irrigation canals. 


Operationsin the field commenced in 
the beginning of November 1910 and the 
Party returned to recess quarters at Mus- 
soorie at the end of April 1911. 


was 1,026 square 
or a total area of 5,997 


The Party was divided into six camps under Lieutenant Thompson and 
Messrs. Babonau, Newland, Kanak Singh, Saubolle and O’Sullivan. 
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In the middle of January Mr. Babonau was sent back to Mussoorie to the 
drawing section and Mr McCraken, who had just joined the Party, took over 
his camp. 

The survey was based on triangulation completed by No. 4 Party during 
1909-10, and on old traverses done in previous years by No. 1 Party. In parts of 
two sheets, however,(43,>,), there were not sufficient points, soa supplementary 
traverse had to be undertaken in these sheets by Lieutenant Campbell and 
Surveyor Anwar Ali. | 

This work took 1$ months to complete and covered an area of 71 square 
miles. The village maps of the various districts falling in the area to .be sur- 
veyed were obtained from the Deputy Commissioners. They were pantograph- 
ed down to the scales of survey and were then given to the surveyors who 
transferred the detail on to their boards, making each village fit with its 
plotted trijunctions. 

In some districts the detail on these village maps was found very accurate 
and a great help to the surveyor, in others the detail was so incorrect that it 
was of no help at all. 

A report on these village maps was sent to the Revenue Commissioner of 
the Punjab who had asked us to let him know as to their accuracy. 

The following sheets were completed on the two-inch scale 43 >, and 
parts of 43 ;>, while on the l-inch scale 43 —o 43 sozeam 43 


L D 
See? and parts of 43 ,",, were surveyed. 


Fair mapping.—Sheets Nos. 43 ,,*,,, and 43,5, have been submitted 


6, 7, 8, 12, 16 7,11 
for publication during the year and the remaining 17 sheets are praetically com- 


pleted and will be submitted before the party takes the field. 


No. 8 PARTY (PUNJAB). 
By Captain A. A. McHare, R.E. 
The field office opened at Delhi in the Punjab on the Ist of November 


PERSONNEL. 1910 and closed on the 20th of April 
Imperial Officers. 1911. 
Captain A. A. McHarg, R.E., in charge. : . 
Tisuteiant A.A. Chase, Ae attached from Recess work started in Mussoorie on 
lst January to 28th February 1911. : 
“Lieutenant R.8. Wahab, IA. the 24th of April 1911. 


Provinctal Officers. The outturn of the party for the 


Mr. B. M. Berrill. season is as follows :— 
Mr. A. C. Bose. ° oe - , 
Mr. P. A. T. Kenny. 1-inch revision 5955°227 sq. miles. 
Mr. H. C. W. Stotesbury. 
Mr. B. C. Newland. ua an 
Mr. F. H. Grant. 2-inch revision 65°3384 ,, 
Mr. F. J. Grice. 
Mr. J. A. Calvert. survey. 
Upper Subordinate Service. 1-inch supplement- 262°000__—sC—é»“i; 


Mr. Muhammad Lutf Ali, Probationer. ary survey. 
Lower Subordinate Servics. 


44 Surveyors, eto. Total 6282°561 sq. miles. 


This includes the sixteen standard sheets falling in degree sheet 53 H and 
the eight in the western half of degree sheet 63 L, or a total of twenty-four 
standard sheets. The two-inch survey comprised Delhi and the country in 


its immediate vicinity as far south as the Kutb. This area was surveyed on a 
B2 
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large scale owing to the difficulty of showing with any degree of accuracy all 
the places of archeological interest and the suburbs of Delhi, on a small 
scale. 

Triangulation. —An area of 325 square miles was triangulated. This tri- 
anculation was supplementary to that previously existing and was only required 
for obtaining heights over the Ballabgarh hills. 

All the 24 standard sheets surveyed during the year will be drawn and 
forwarded to the Superintendent, Northern Circle, for submission to the repro- 
ducing offices by about the end of November 1911. 

A guide map of Delhi and vicinity has also been drawn and will be sub- 
mitted in due course. 

The country surveyed comprised parts of the Delhi and Gurgaon districts 
of the Punjab and parts of the Meerut, Aligarh, Morddabdd and Budaun and 
the whole of the Bulandshahr districts of the United Provinces. 

With the exception of the ridge at Delhi and its continuation to the south 
in the Delhi and Gurgaon districts, the whole of the country was flat. ‘The 
country between the Jumna and Ganges rivers is much cut up by canals. The 
slope of the ground which is roughly about 18 inches to the mile falls from 
north-west to south-east. 

With the exception of the hilly portions of the country surveyed and the 
Jumna and Ganges khadars the whole area is practically under cultivation. 
‘Ihe average height of the flat area is about 650 fect above sea level. 

None of the area surveyed is particularly well wooded; but in all the 
districts of the United Provinces mango and fruit groves are more or less 
common. 

The work consisted chiefly of revision survey and a small] amount of sup- 
plementary survey. 

Blue prints of the last published 1-inch maps were used in every case 
except for the 2-inch work in standard sheet 53 2 and for the hilly portion 
of ground in 53 — for which an “aluminium mounted ” board was used and 
on to which the outline from the old work was transferred in blue. 

This aluminium mounted board was found very satisfactory and the dis- 
tortion of the paper was very small indeed; but as blue prints are already 
distorted, before they are mounted, aluminium plates for revision and supple- 
mentary work are useless. 

All the blue prints supplied from the map publication office were in new 
standard sheet sizes, and the extra strip of 2’ 27” had to be super-imprinted on 
to the adjoining old eastern standard sheets. 

Owing to the old sheets being unequally distorted, a certain amount of 
difficulty was found in making the two sheets fit together correctly, but the 
majority were extremely good and it was only in one case that the surveyor 
found the trijunctions east and west of the joining line to disagree inter se. 

Some blue prints unfortunately were received with no trijunctions on them. 
The trijunctions were therefore plotted, but owing to the distortion of the 
paper, and also to the original traverse work not having been sufliciently 
connected with G. T. points, it was found very difficult to plot these trijunc- 
tions in their correct positions. In most cases these plotted trijunctions had 
to be rejected, and the survey was carried out by making fixings from recog- 
nisable points. It is most important for this sort of revision and supplement- 
ary work that blue print should have all the trijunctions on them. 
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No. 4 PARTY (UNITED PROVINCES). 
By Captain L. C. Tacicxier, IJ.A. 


The field head-quarters of the Party opened at Lucknow on the J7th of 
PERSONNEL. 
Imperial Officers. 


Captain L. C. Thuillier, 1.A., in charge. 
Lieutenant F. B. Scott, I.A. 


October and remained there throughout 


Provincial Officers. the field season. The recess quarters con: 

Mr. G. J. 8. Rae. ‘ : 
Mr. H. W. Biggie. tinued at Mussoorie. 
na C. E. C. French. 

r. A. B. Hunter. 
Mr. G. EB. RB. Cooper. Topography.—The area for survey 
Mr. F. E. R. Calvert. 
Mr. Moqimuddin. 


Upper Subordinate Service. lay in the districts of Lucknow, Unao, 


Mr. Vidya Nath Suri, Probationer. 
Lower Subordinate Service. 
69 Surveyors, ete. 
districts Hardoi, Rae Bareli, Farrukhabad, Mainpuri, Agra, Hamirpur, Jalaun 
and Gwalior State. 
The area surveyed on the 1-inch scale was 4,933 square miles new survey 
and 1,115 square miles supplementary survey. 
The sheets surveyed were 54 +, 54 


NT gg CB 
13 1, 2, 3, 5, 6, 7, 9, 10, 13, 14? 1, 2, 5, 8, 7, 9, 10, 11, 12, 13, 14, 16, 16 


sz Portions of some of these sheets needed supple- 


Cawnpore, and Etawah; and portions of 


and small areas in 63 


mentary survey only. 

Field work continued till the second week in April when the party pro- 
ceeded to recess quarters except a few surveyors who completed later. 

The work this season was entirely new to the majority of the surveyors. 
‘The country being flat and covered with high crops, and enclosed by groves of 
trees, it was found impossible to plane-table by interpolation only, and chain 
traverse had to be resorted to. 

Three large rivers ran through portions of the work, viz., the Ganges, the 
Jumna and the Chambal; and the vountry was intersected by numerous smaller 
rivers and streams. Near the Jumna and Chambal rivers the country was cut 
up by deep ravines. These two rivers flow-in very deep beds, in places 150 
feet or more below the surrounding plains. 

Traversing.—The area traversed comprised a portion of the Lucknow, 
Bara Banki, and Partabgarh districts and the whole of the Rae Bareli, Sultan- 


pur and Fyzabad, in sheets 63 F, 63 —-,?,,,, 68 --,,- The country was 
similar to last year, perfectly flat, well cultivated, and in parts covered with 
groves, and covered an area of 6,236 square miles. 

Traverse lines were run along graticules of half standard sheets, picking 
up trijunction pillars, and intersecting trees and all conspicuous objects. Con- 
nections were made with 21 G. T. stations. The average daily outturn per 
man was 8 angles and 1386 chains per working day. 

This detachment having completed its work has been broken up. 

Cantonment Surveys.—The following cantonments were surveyed during 
the year under report: Dargai, Malakand, Chakdarra, Hyderabad (Sind) and 
Loralai, and alterations and additions were made to the previous editions of the 
maps of Risalpur and Allahabad. 

Maps of 8 cantonments were sent for publications, viz., Dum-Dum, Meerut, 
Lucknow, Fort Sandeman, Dargai, Malakand, Chakdarra, and Allababad. 
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The total cost of the section was Rs. 13,000 and the outturns and cost rates 
are as follows :— 


Triangulation ; ; 8,582 acres at Rs. 0°75 per acre. 
Traversing . ‘ ; - 10,153 ,, 4, 4, 0°35 5, 55 
Detail survey 16” ‘ e LO DOS gy. gg 53, “ORD ce gs 
9 »» 64” e : 92 > 99 1:86 > 
Mapping 16” , « 6,300 ,, , , O51, 5, 
” 64” . ° 100 yy yp 875 yy os 
Average outturn per working day per man— 
Traversing 11 angles : , : ; » 100 chains. 
Detail 16” including contouring ° ; » 24°7 acres, 
» 64” rT : ‘ : : 14 ,, 


No. 9 PARTY (PUNJAB). 
By Masos G. A. Beazecey, R.E. 
Work in Baluchistan having been completed, the Party took up work in 


PERSONNEL. 
Imperial Officers. 


Major G. A. Beazeley, R.E., in charge, 


Provincial Officers. 


Mr. J. A. Freeman. 

Mr. W. J. Newland. 

Mr. Dhani Ram. 

Mr. P. A. T. Kenny. 

Me. H.C. W. Stotesbury. 
Mr. D. K. Rennick. 

Mr. J. McCraken. 

Mr. A. K. Mitra. 

Mr. A.J. A. Drake. 

Mr. Abdul Aziz. 

Mr. H. H. P. Butterfield. 


the Punjab in degree sheets 39M, 44A, 
and E, in continuation of the work of 
No, 3 Party. 

In all 5,687 square miles were surveyed 
on the l-inch scale in the districts of 
Jhang, Midnwali, Shahpur, Lyallpur, 
Gujranwala, Lahore and Montgomery ; 
of this area 2,176 square miles was new 
survey, !,304 square miles was re-survey 
and 2,207 supplementary survey; the 
field head-quarters being at Lyallpur. 


The party was transferred to the Eastern 
Circle from the Ist of April 1911, but — 
continued to work in the Punjab till 
it had completed its programme. 


Upper Subordinate Service. 
Mr. Gopal Singb, Rai Bahadur, 
Mr. Dalbir Rai. 

Lower Subordinate Service. 
60 Surveyors, etc. 


Triangulation and asmall amount of traverse work was taken up in 
Chota Nagpur in view of next field scason’s programme, The country 
surveyed was absolutely flat, but differed considerably in other respects from 
the dreary country west of the Jhelum. This consisted of rolling sand-hills 
covered with scanty scrub and a few stunted trees, while the Chenab Colony in 
the Lyallpur district is fertile, well watered, and closely cultivated. The 
country in Jhang falls midway between these two classes. 

The Chenab Colony is well timbered and the trees obstruct the view a 
good deal in consequence. The “square” system of irrigation gives a very 
curious appearance to the field sheets, as all the field distributaries and villages 
are laid out in squares and give a chess-board appearance to the maps. 

Recess duties.—An arrears mapping section was maintained at Mussoorie 
and is still continuing its labours. Mr. Hales opened the recess office at 
Shillong about the middle of May and held charge till the officer in charge 
arrived on lst of August after a very protracted field season. Sheets 39 ert 
44‘, Sdeaaninisis are all nearly completed. 7 

It is proposed to close the mapping section at Shillong by the end of 
December 1911 and send all work which cannot be completed to the Northern 
Circle drawing office to be finished there. Owing to lack of good draftsmen 
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and sickness amongst the men in Shillong, the progress of mapping has been 
rather slow. 

To carry out revision and supplementary survey work to the best advan- 
tage as regards outturn, quality and cheapness of cost, it is essential that the 
field sections should be complete in every respect before the party takes the 
field ; and the pantograph detachments should be sent down early in the recess 
to the head-quarters of the districts in whose area the work for the following 
field season falls, and these detachments inspected at least once by the officer 
in charge of the party. 

The officers in charge of these detachments should receive preliminary 
training in pantograph work beforehand to ensure their thoroughly understand- 
ing exactly what is required of them, so that they may employ the men under 
them to the best advantage. This preliminary instruction can easily be arran- 
ged for before the close of the field season if suitable arrangements are made. 

In some cases much labour may be saved by utilising the 4-inch reductions 
made by the local authorities and adding all detail omitted by means of a speci- 
al gridiron on tracing paper showing the squares on the full size village maps 
on the 4-inch scale ; this gridiron often allows of the additional detail being 
drawn in by eye on the 4-inch reductions. The latter generally so the village 
site, principal roads, railways and canals, and this facilitates all subsidiary 
detail being put in by eye; by this means a trained pantograph detachment can 
reduce about 30 villages a day instead of only about 3. This was the outtuin 
of the detachments at Lyallpur and Gujranwala after a month’s practice. 

The pantograph detachments should be organised as follows :—One provin- 
cial officer should be in charge and under him should be 8 surveyors capable of 
managing a pantograph ; two of these pantographs should be 23’ and one 33’ or 
41’; 3 more surveyors should be employed in inking up the reductions in the 
correct colours and symbols, and three more should be employed in transferring 
these to the field sheets and inking them up. 

With regard to the latter it was found a good plan to ink these up straight 
away in the correct colour ; one objection was raised to this, it being pointed out 
that it would lead to surveyors scamping their work ; but this was not found to 
be the case. The advantages of inking up are two,—viz. (a) the paper is in good 
condition and the inking up can be done much neater and finer; (5) the survey- 
or knows exactly what the detail represents and does not run the risk of con- 
fusing roads with canals, etc. The colours used may be lighter than usual if 
considered necessary, leaving it to the surveyor to colour up darker all detail 
found correct on the ground. 


RIVERAIN DETACHMENT. 


By Mr. Maya Das Puri. 
The field season commenced on lst October 1910 with head-quarters at 


PERSONNEL. Wazirabad and continued till the middle 
Provincial Officers. of April when the Party went to Lahore 
Mr. Maya Das Puri, in charge. ‘ 
Mr. Mojimuddin, for ihe 
Upper Subordinate Service. The riverain area was as usual broken, 


Mr. Chuni Lal Kapur, Probationer, from 20th shrubby, marshy, and sandy. Portions of 
August 1911. ; ; ; 
Lower Subordinate Service. villages situated above the high bank were 


75 Surveyors, ete. well cultivated. 
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The Lower Bari Doab tract was plain, full of reserve forests, unpopulated 
and mostly waterless. 

During recess the 4-inch compilation of riverain boundaries, traces for 
the settlement department, completion of computations, and drawing up 
instructions and various forms of return for the Lower Bari Doab work, were 
carried out. 

The procedure adopted for the riverain work was the same as reported 
last year. The original programme was considerably modified by the civil 
authorities. All minor traverses for the cadastral surveys were finished by end 
of February 1911, and 2,178 plotted and compiled “ Masairs’’ (settlement 
mapping sheets) were supplied to the settlement officers concerned in time 
to enable them to complete their records before the rise of water. Base lines 
with permanent mark stones were fixed on both banks of therivers about one 
mile apart for the future survey and demarcation of riverain boundaries. 

Lower Bari Dodb.—Work was undertaken during February 1911 at the 
special request of the Punjab Government. The settlement staff was deputed 
by the 1st Financial Commissioner to do the work, and in addition several 
professional hands were employed. 

All of them had to be trained for a considerable time. 

The men were made to work from the whole to the part, allowing a maxi- 
mum error of 1in 500. Big blocks of about 80 to 100 rectangles were first 
broken, and the patwaris had to work inside these. 

Dera Ismail Khan.—A special Indus survey (scale 4 inches = 1 mile) 
was undertaken during September 1910 at the request of the Assistant 
Commanding Royal Engineer, Dera Ismail Khan, and was completed on the 
22nd of October with great difficulty. 

The following table shows the work done during the ficld season :— 


Mary Cizcurrs. Mrixoe Traverse. Ok 
RECTANGLES. 
Class of work. Locality. 2 os | ¢« No { 
Sqnare| Linear | @ta- a & Linear Sta- we lsu E of Area. 
miles. | miles. | tions. | = miles. tions. | = |z ° E squares 
on B > e 


Traversing for 4inch| River Jamna (Districts! 101 e718 | 160 
Compilation of River- Sahdrappar and Ambala) 
ain boundaries. Indos (D. ‘ 
and Midowali). 


Chen4b Gujranwala), 
Beas (Hoshiarpur) 
Sutlej (Ferozepur) 


Mipor traversing for 1,629°89 7681 
c ° 


h 
4 inches =1 mile. 


River Indus. 
Districts D. I. Khan 
and Midowali. 


Dera Ismail] Khan Indus 
special survey. Scale 
4 inches =1 mile. 


Lower Bari Doab 26] Area commanded by the 
Lower Bari Dod&b canal 


(Montgomery). 


4164 
ac e 
Rectangular survey 


489 | 435'81 723 373 1,844°08 741°7 259 | 456 183 | 139°91 


Riverain Riveralio 
1:0 708 416°4 


Lower Bari Dodb Bari vane 


The total expenditure of the detachment was Rs. 73,991. 
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SOU tTHERN CIRCLE. 


(Vide Index maps 2 and 7). 

Lieutenant-Colonel P. J. Gordon, I.A., was in charge from 24th March till 
22nd September 1911 and Brevet-Colonel T. F. B. Renny-Tailyour, C.S.I., 
R.E., for the remainder of the year. 

Thirteen thousand one hundred and seventy-one square miles were survey- 
ed during the year under report ; the smallness in outturn is principally due to 
No. 8 Party which only surveyed 1,287 square miles in the season, owing to 
the abnormal difficulty of the country in which it was working. 

The following is the detail of the country surveyed :— 


4,741 miles of 1-inch New survey. 
5,472 - - ae Revision survey. 
2,010 5 ei 1h, Survey. 

393 ” ») 2 5 29 

555 is ‘5 2 sy Bevision survey. 


A new departure was the introduction of 1}-inch survey for. country 
which was too intricate to be shown on the l-inch. It proved very successful, 
and as may be seen from the table on page 23, the cost-rate comes to very 
little more than the 1-inch. 


No. 5 PARTY (CENTRAL PROVINCES). 
By Masor C. L. Rospertson, C.M.G., R.E. 
The ficld head-quarters of the party were located at Pachmarhi as being 


PERSON NBL. fairly centrally situated, and as having a 
Major €. Pe caireceaates a sub-treasury through which funds were 
erie tana C. F. Nation, R.E. procurable. 

Provincial Officers. As it was impossible to obtain any 

MTG: Litchiel! godown in Pachmarh! to store the party 
a aa equipment during recess, it was decided 
Mr. rec. Pilcher. to re-assemble the party at the close of 
Mr. F. G. saint. the field season at Jubbulpore and store 
Mr. Cae ais the property there as had been done 

Lacks Sen anaes Reeves. during the last two ficld seasons. 


32 Surveyors, etc. 

Topography.—To execute the detail surveys on the l-inch and 14-inch 
scales, the party was divided into three camps, cach under an officer of the 
Provincial Service. 1,373 miles wera surveyed on 14-inch scale comprising 
sheets 55—y4,> 55Land parts of 65,7, 1m districts Narsinghpur, Saugor, 
Damoh, and Jubbulpore. 

The l-inch work comprised sheets 55-2, and parts of 55,”,- in Hoshan- 
gabad and portion of Bhopal State. 

The Revision Survey work was over such a large area and so far removed 
from most of the other work, that it was found impossible to require ‘he officers 
in charge of other camps to supervise it. It was therefore carricd out practi- 


cally without supervision, directly under the control of the officer in charge of 
0 
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the Party. The best and most trustworthy surveyors were sclectcd, and were 
given full instructions ae to what was required them before proceeding to 
the ground. Sheets 55 9, ye 3 69... ih, ss pone 16 ? 09 , ¥, 3 4 and parts of G4 ore 
dealt with in this manner. 

The Quarter Master Gencral of India having asked fora survey on the 
scale of 6 inches=1 mile, of the fields and fallow lands of Saugor Cantonment, 
the ground was examined with a view to commencing this work. It was then 
found that the traverse stations on which the existing cantonment survey had 
been based some 45 years ago, had disappeared, and as there were no other fixed 
points on which the survey could be ppoeeds it had to be alandoned for the 

season. 

The country surveyed comprised a section of the valley of the Narbada 
River and the hills to the north and south of it. Fora width of some 10 or 
15 miles each sid» of the river, there is a flat plain about 1,900 fect above sea 
level, mostly cultivated and covered with scattered trees. The hills to the 
north of this are more or less wooded, and rarely reach an altitude of 2,000 
feet ; on the south side of the valley, however, they rise some 1,000 —1,500 feet 
higher, culminating in the Dhapzarh peak, 4,000 fect, on the Pachmarhi 
plateau. Here the forest is dense and the slopes steep, being scored in all 
directions with precipitous chasms 200 or 300 feet deep. 

Triangulation.—The proposed programme was to complete net work trian- 
gulation in degree sheets 55 I and J. For tis purpose the triangulating 
strength of the Party was fixed at 2 provincial officers, 1 upper subordinate 
and 1 surveyor ; though it was anticipated that it would not be necessary to 
maintain this strength throughout the field season. Owing to the slowness of 
two of the observers, this programme was not carried out ; and the result of 
the season’s work is that out of 14 standard shect areas proposed for survey, 
6 remain untriangulated. 

Recess duties —Yhe Party returned from the field with 19 sheets ready 
for drawing—this number was however more than the drawing strength of 
the Party could possibly deal with, and 4 Revision Sheets were handed over 
to the circle drawing office. Owing to the lack of good dvraftsmen, the 
progress of the remaining 15 sheets was very slow, and it is unlikely that more 
{han half will be completed before the close of the recess season. 

The computation of the triangulation is complete. 

This year, for the first time, the Party went through the ficld season with- 
out having a hospital assistant attached, and there is no reason to suppose that 
the general health has suffered in consequence. On going into the field the 
position of the nearest dispensary was pointed out to each man; but in practice 
these dispensaries were so far apart as to be useless. The men were therefore 

dependent on their medicine boxes, which proved both in the nature and 
quantitics of the drugs they contain, most ill-adapted to their purpose. Next 
season a special selection of drugs will be packed in a box made for the purpose 
under party arrangements. 

With reference to the out-turns (shown in Table I on page 21) it is in- 
teresting to note that the average plane-tabler works nearly as quickly on the 
1$-inch scale as he does on the l-inch scale. This perhaps is not at once 
apparent till the fact that nearly all the work done .on the 1-inch scale, and 

classed as survey, lay in the plain of the Narbada, in a country which was 


undoubtedly much easier of survey than the average of that done on the 1- 
inch scale. 
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No. 6 PARTY (BERAR). 
By Liecrgenant K. W. Pre, R.E. 
The field season opened at Chanda on the 1st of November 1910, and closed 


P : 2 ; 
or a on the 25th April 1911; the Party office 


Captain H. Wool, R.E., in charge up to 21st ; 
reopening for the recess season at Banga- 


April 1911. 
Lieutenant A. H. Gwyn, I.A., in charge from 
22nd April 1911. 
Captain F. F. Hunter, J.A., ia charge from lore on the Ist of May. 


17th May 1911. 


Lieut t K. W. Fye, R.E., in shaves from ; : 
14th August 1/11. ; B The field work carried out during the 


Provincial Officers. 


Mr. Amar Sinch. 
Mr. J. H. 8S. Wilson. 


year was as follows :— 


.P. k. And . 7 j 

Me A Meyer, (i) Survey on the 2-inch scale of 
Mr. F. B. Kitchen 

Mr. R._ BR, Gildea. reserved forests falling in the 


Mr. J. O'C. Fitzpatrick. 
Mr. A. J. Moore. 


Upper Subordinate Service. standard sheets 55 — _ 
Mr. Dharmu. : 
s e P 
Lower Subordinate Service. 5D = 56 : 56 = 2 avd 


41 Surveyors, etc. 


part of 56 —'_ amounting to 97 square miles. 

(ii) Revision survey on the 1-inch scale of portions of sheets 46 ,7,,55 
56 ™“., amounting to 770 square miles. 

(sii) Survey on the l-inch scale of remainder of sheets 46 oes 
55 rei, 55 +, 56 —, 56 +, totalling 2,223 square miles. 


(in) Triangulation of standard sheets 56 Sinise «and 56 —- 

(v) Theodolite traversing of boundaries of reserved forests falling in 
sheets 55 —“-, 56 —“—, 56 sas and 56 and also the 
boundary of Santa Cruz Cant _— ent, Bombay. 


The work lay in the following districts : — 
Bombay.—East Khandesh, 
Hyderabad.— Aurangabad, Adilabad, Parbhani. 
Central Provinces.—W ardha, Chanda. 
Berar.—Yeotmal, Akola. 

The surveyors were divided into 3 camps under the late Sirdar Amar Singh, 
and Messrs. Wilson and Kitchen. The traverse camp was under Mr. Meyer, and 
was occupied exclusively with traversing the boundaries of reserved forests in 
Berar, falling in the programme of the scason under report and a portion of the 
next season. Attheend of the season, the traversing of Santa Cruz Cantonment 
was taken up, the survey of which will be done during the coming season. 

The country under survey was of a varied nature. ‘The reserved forests 
surveyed on the 2-inch scale, and a certain proportion of the 1-inch work 
(principally in the Southern shects) were densely wooded and difficult to survcy. 
On the other hand there were large areas of oyen undulating country where 
work progressed rapidly. 

The country under triangulation varied from hilly to undulating; it was 
on the whole open, and not much clearing was necessary. 

During recess the party completed thi mapping of the 12 shects surreycd 


during the field season. 
c 2 
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In addition the following were also completed :— 
(1) Computations of triangulation of sheets 56 Tree and in 8 more sheets 
the computations partially finished. 
E 


(2) Computations of traverse work falling in 56 —; and 56 -,, .o- and 
the plotting of 4 inch forest boundary traces of 56 iy and 56 -;-— 


(3) The completion of rough charts and manuscript tables of data for 
degree triangulation charts 55 H and L. 


No. 7 PARTY (MADRAS). 


By Mr. W. M. Gorman. 
The Party worked this year on the l-inch and 14-inch scales in the 


PERSONNEL. low country in the South Kanara Dis- 
: Imperial Officers. trict of the Madras Presidency, north of 
Captain C. P. Gunter, R.E, in charge from ; 
80th December 191u. ; Mangalore, and a_ portion of North 
Li wH. _ LA, in ch ie 
29th Devmber 1910. > menses “P™ Kanara in Bombay. 11-inch Revision 
Provincial Officers. Survey of Forest reserves was carried out 
hl My OB. Doneckey. in South Kanara and 2-inch Revision 
Mr. H. D. W. Stotesbury. 
Mr. AK. Mitra. in Coorg. a 
Mr. H. H. P. Butterfield. The triangulation in advance of Sur- 
Mr. J. C. St. C. Pollet. . a h ‘mb 
Upper Subordinate Service. vey was si‘uated in the Coimbatore 
Mr. Abdul Hakk. and Salem districts. The following 


Lower Subordinate Service. 


sheets were completely surveyed, viz., 
26 Surveyors, ete. 


48 so ete ee , 48 2, 3, rar and part 
of 48 -1; and 48 —* revised. Triangulation was carried out in 10 sheets of 
57 H. 

The country under survey comprised every variety, ranging from the open 
and bold hilly country of Mysore which was ideal for plane-tabling, to the 
lowlying and intricate ground of South Kanara. It may be described as a 
succession of highly cultivated valleys, covered with belts of jungle 10 to 20 
chains in width, fringing the cultivated areas, and dotted with innumerable 
isolated huts. There are no village sites, except the towns along the main 
roads. : 

Distinguishable land-marks which were of use to surveyors were Mount 
Kudremukh, 6,207 feet above sea level and the Jamalabad Fort hill which 
has a 1,000 feet sheer drop of smooth granite beneath it. The Gomata Raya 
at Karkala—a rock statue 41 feet high—was also used asa trigonometrical 
point. 

The revision of the 1-inch Mysore topograph‘cal work was done the same 
as last year, by transferring the old work from black prints on tracing paper 
as the work progressed, That of tne 4-inch Forest Surveys was done by 
transferring piece-meal the 1l-inch reductions of the or:ginal 4-inch survey 
on to the plane-tables, The original work of both of these surveys was found 
very good. 

In South Kanara the survey was greatly facilitated by the l-inch village 
plots compiled specially by the Madras Revenue Sarvey. These consisted of 
skeleton maps drawn in 1-inch standard sheets with village and traverse 
trijunctions plotted, as well as any Survey of Ind‘a trigonomecrizal stations 
that existed when the Revenue Survey was done. The position of most of 
these trijunctions agreed with the plane-table work ; any discrepancy was 
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usually due to the actual site of the trijunction being doubtful. These 
skeleton maps also gave the very greatest assistance in the correct spelling 
and identification of village names. Next year it is hoped that these maps 
will contain in addition Forest boundaries, roads, cultivation limits, streams 
that have been traversed, and other detail taken up by the Revenue Survey. 

The field head-quarters of the party was in Mangalore, and the recess 
office closed in Bangalore on 7th November and reorened there on 9th of 
June ; thus giving a field season of 7 months. 

Recess dulies.—It is hoped that twelve out of the thirteen completely 
surveyed sheets will be fair mapped by the end of recess; 48 | being left as . 
arrears. 

An index degree map on the }-inch scale of 57 H is under preparation 
and will be sent to be vandyked as soon as completed. 

The arrears of triangulation charts have been partly disposed of by 
transferring some of them to the Superintendent, Trigonometrical Surveys, 
and to No. 11 Party. The computations of this soanon’s triangulation have 
been completed. 


No. 8 PARTY (MADRAS), 
By Carrain C. M, Browne, D.S.O., B.E. 


The operations of the party were carried out in parts of the Malabar 
PERSONNEL. | district of the Madras Presidency, and 

Imperial Officers. in the Native States of Travancore and 

Captain C. M. Browne, D.3.0., R.E., in charge Cochin. The work in Travancore in- 


from Math June 1911. 


Lieutenant 8. W. S. Hamilton, R.E., in charge cluded the survey on the 2-inch scale of 
up to 15tb June 1911. 


Lieutenant C. (3. Lewis, R.E. the Periyar catchment area and the 
Provincial Officers. commencement of the survey of the 
Mr. W. B. E Adams, Pambiyar catchment area. Detail survey 
Tv. 0 Ue iggi ° e e 
Mr. 8. F. Norman. was carried out in ~ 58 sa; and 
Mr. M. Maha:teva Mudaliar. é 
Mr. C. O. Picard. such portions of 58 554,88 were in- 
Mr. Balaji Dhondiba. ; : 
Mr. M. 8. Ganesa Aiyzr. cluded in the Periyar catchment area. 
Upper Subordinate Service. Traversing was carried out in the Periyar 
Mr. Anantrao Dhendiba. 
. and along the backwater of the coast, and 
Lower Subordinate Service. ; ; : o 
90 Surveyors, etc. triangulation in sheet 58 -3- 


The Party left Bangalore on the 7th of November for the field head- 
quarters at Pirmed and was delayed on the road for nine days by the Theni 
river being in flood snd impassable. 

Recess quarters were re-opened at Bangalore on the 21st of June. 

Nature of the country.—The Periyar catchment area forms a part of the 
unexplored portions of the Pandalam hills; it is for the most part covered with 
evergreen forest and dense undergrowth; there are little or no means of 
communication, and transport and labour are extremely difficult to obtain. 
The few hill men obtainable had to be employed for the surveyors and as 
supplies had to be imported causing great delay, the triangulator hada difficult 
time. 

The outturn of survey is small and the rates high, the cause being the 
extraordinary difficulty of the country surveyed, which either consisted of 
dense forest, or else of paddy and cocoanut country studded with innumerable 
habitations. 
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Survey methods.—As it has been found impossible to show all the intri- 


cate detail on the coast on the l-inch scale, one sheet 584 was surveyed on 
the 13-inch scale asa trial. The experiment has proved that this scale is 
the most suitable ; the cost-rate is but a little more than the l-inch while at 
the same time all detail cin be shown. In the coming field season, three sheets 
will be surveyed on this scale. 

Plots of all the State and Taluk boundaries were obtained from the proper 
authorities in Malabar and Cochin ; but in Travancore they do not exist, and 
the Taluk maps on the scale of 2 inches to one mile together with local infor- 
mation have been taken as the authority. 

During the field season experiments were made with special plane-table 
sections and the following is the brief result of the trials :— 

(i) Drawing paper mounted on a thin sheet of aluminium.—Monthly 
measurement of the graticules were taken and showed no tppreciable differen- 
ces, but the paper did not lie flat on the aluminium and especially on damp 
mornings rose up from the metal plate and was not a success. 

(ii) Hill-boards.—These proved no better than paper mounted in Ordinary 
manner, and the ink was very apt to run when the board was damp. As 
Bristol boards have not been received in time for next scason’s work, these 
mill boards will be tried again with sheets of rag litho paper pasted over them 
to try and exclude the moisture. 

(i#%) Bristol Boards.—These were a success and would have been largely 
employed this season if they had arrived in time. The monthly measurements 
gave good results and the surface is nice to work on, while they do not seem to 
be easily affected by the weather. 

Recess dutics,— On the conclusion of the last survey year, the fair mapping 
of the party was badly in arrears, 13 sheets being incomplete when the party 
left for the field. 

To cope with this a drawing section was left in Bangalore during the field 
season, and 7 of these arrears sheets were completed and submitted for 
publication ; one other sheet being drawn in the circle drawing office. 

During recess the whole of the arrears and the area newly surveyed were 
fair drawn with the exception of 58 sii and a small portion of 58 ox 

As the sheets will not be submitted for publication in the Survey year 
under report, a large portion have to be shown as arrears; but as only some 
500 square miles remain to be fair mapped, the drawing is in a much better 
state than the actual figures imply. 
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EASTERN CIRCLE. 


(Vede Index maps 3 and 8.) 


This circle remained under the superintendence of Brevet-Colonel G. B. 
Hodgson, I.A., throughout the year. 

The circle came into existence on the Ist April 1910, and then consisted 
of only three Parties, Nos. 10, 1l and 12. No. 9 Party was transferred to the 
circle from 1st April 1911, but continued to be almost wholly employed on the 
mapping of its work in the Punjab throughout the year; and a section of the 
party will remain so employed until the end of December, after which all 
mapping that remains unfinished, will be transferred to the Northern Circle 
drawing office. 

9,218 square miles were surveyed during the year consisting of— 


8,564 miles of 1-inch survey. 
415 ,, l-inch Supplementary survey. 
209, 2-inch survey. ‘ 


} 


No. 10 PARTY (UPPER BURMA). 
The party assembled for field work at Bhamo on the 18th November 1910, 


PERSONNEL. and all surveyors had reached their ground 
Imperial Officers. and commenced work by the 25th, and 
Captain E. C. Baker, R.E., in charge. continued to the end of May 1911; the 


Lieutenant W. KE. Perry, R.E. 


, ; 
Pe es field season having been unduly prolonged 


because the programme was so far from 


Mr. O. D. Smart. : ; 
Mr. F. 8. Bell. completion at the usual time for closing 
r. £. ullamMs. 

Mr. C. S. Littlewood. field work. The programme was not com- 

Mr. W. G. Jarbo. 7 

Mr. Asmatullah Khan. pleted ; 3 full sheets and a small part of a 

Ag Metre ies fourth being left undone. This was due 
saggy linata Sev oles to the retirement or discharge of five 

Mr, Lachman Daji Jadu, Rai Sahib, surveyors and the deputation of three 

Mr. Hayat Nubammad, more with political missions after the 


Mr. B. C. H. Collins. 
programme had been drawn up. 
Lower Subordinate Service. 


46 Surveyors, ete. 

The total area surveyed within the limits of Burma was 2,798 square miles 
of which 2,615 were surveyed on the l-inch, and 183 square miles consisting of 
forest surveys, on the 2-inch scale. An area of 290 square miles was skctched 
beyond the frontier on the 1-inch scale, and reconnaissance surveys were carri- 
ed out by three Surveyors attached to political missions known as the H pinma 
and Makware missions. The former surveyed an area of 1,90 square 
miles on the }-inch, 4 square miles on the 4-inch and 2} square miles 
on the 6-inch scale, and the latter 1,845 square miles on the 24-inch 
scale. 

Triangulation.—The triangulation was carricd out by one Provincial officer 
and the traversing by three traversers who also carried out the traversing of 
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forest boundaries. The triangulation was connected with the Upper Irrawaddy 
Secondary Series, emanating from the Great Salween Series and running north- 
wards between the meridians 97° and 98°, which was being observed during 
the season under report. 

Nature of country.—The country under survey fell almost entircly in the 
Bhamo district, but included in the south a very small part of Ménginit State 
and a small portion of Myitkyina district in the north-east. ‘Io the east of 
Bhamo there is a strip of flat country about 13 miles wide and beyond that 
broken, heavily wooded hills. ‘The south-eastern portion of the work was also 
hilly and wooded; but although attaining in places a neight of 8,000 feet 
above the sea, this part was the easiest to survey. The valleys of the 
Irrawaddy and Taping rivers were in yarts marshy and covered with thick 
jungle. Roads and paths were fairly plentiful excepting to the west of 
the Irrawaddy. 

The cost-rates for the detail survey are much higher than those of last 
season which is due to the appointment to the party of a second Imperial 
officer who was employed on 1-inch plane-tabling ; and in the case of the 2-inch 
forest survey, to the fact that the survey of a similar nature done last season 
was revision work. ° 

Forest survey.—The following forest reserves fell into the area under 
survey, and not having been previously surveyed were mapped on the 2-inch 
scale:—Taungbalaung of the Myitkyina division and Bumsawn, Teinthaw, 
Momauk, Sinlum, Lungja, Kadawtaung, Si-u, Namik and Namkao of the 
Bhamo division; also the forests of Naunghu and Namme of the latter 
division which it is proposed to reserve. The reserves of Simaw, Munsin, 
Nanhan, Mohlaing and Mosit had been previously surveyed. The survey of the 
Namme reserve was not completed, but will be done next season when the sur- 
vey of all the forests in the Bhamo division will have been done. No 4-inch 
boundary surveys were done this season. 

Recess work.—The mapping was well advanced at the close of the season, 
and it is expected that it will be completed before the party takes the field 
again: 13 sheets were completely surveyed and mapped, viz., Nos. 92 
3,3, 4, 6, ne 10, 11, 12, 15, 16 and 93 1. 

The 34-inch reconnaissance survey done by R.S. Lachman Jadu while 
attached to the Makware mission, and that drawn by Captain Cotter who 
worked from the Assam side, was fair drawn for inclusion in sheets 14S. E. and 
15 N. E. of the 8S. E. Transfrontier Series. The }-inch survey done by 
Mr. Hayat Muhammad and Surveyor Sheikh Muhammad Salik with the 
Hpinma mission was sent to the Simla drawing office for fair mappin-. 

Three triangulation charts of sheets 84 M, 93 A and 93 E, which were 
reported as in hand last season, were completed, while those of 92 L aid 93 I 
are now in hand and will be completed next scason after which no more charts 
will be drawn by the party. 

Cantonment surveys.—The survey of the cantonment of Rangcon was 
completed and also the mapping, which, together with that of the cantonments 
of Bhamo, Mandalay, Maymyo, and Meiktila, and of the remaining bazars 
of Secundeabad and Bolarum, was forwarded to the Trigonometrical Otlice for 
publication. 

This section was disbanded in May 1911 having completed the survey and 
mapping of all the cantonments allotted to it. 
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No. 11 PARTY (KARENNI AND SOUTITERN SHAN STATES). 


The party commenced work this scason in the area allotted to it in the 


Pansomeee: reorganisation of the Department. The 
Imperial Officers. usual long journey to the field only per- 
Pots alrite a hillimore, R-E., in charge from mitted of a field scason of just over 4 


Lioutenant J. A. Field, R.£., in charge upto months. One section left Maymyo at the 


26th November 1910. ony 
Provincial Officers. end of October and did not reach its field 


Mr. V. W, Morton. head-quarters till the 18th December, and 
Ne . fe ae some of the surveyors did not start work 
ale at ka ada ony till the 26th December. The rest of the 
Mr. R. M. Wyatt. surveyors left Maymyo on the 15th 

Lower Subordinate Service. November and had all commenced work 


28 Surveyors, etc. 


by the 20th December. Field work closed 
between the 20th Apriland 38rd May, andthe majority of the surveyors were 
back in recess quarters by the 16th May, but some did not arrive till the 2nd 
June. The programme was completed as usual in this party. 


The triangulation owing to unavoidable circumstances was carried out by 
two inexperienced observers who did not work to the best advantage. A lot of 
time was lost in waiting for the haze to clear and consequently the cost-rate 
is higher than usual. 

Contours were inserted with a vertical interval of 100 feet except in sheet 


945 which included the wide plain round the market town of Loikaw where 
the 50 feet interval wasemployed. The country surveyed was sparsely inhabit- 
ed, the hills were generally open though stecp, and in most parts broken and 
rocky ; communications were very bad, and supplics and labour presented many 
difficulties. The cost-rate for detail survey is high this scason owing to the 
great distance from the railway and the wild and uninhabited nature of the 
country. Escorts of Military police were provided to nerera of the surveyors 
working along the Siamese frontier. 

As a large part of the area under survey lay close along the Salween river, 
work was much interrupted by morning mists in December and January, whilst 
the smoke haze in March was thick and persistent. Many surveyors had to 
stop work for two or three days at a time when hills only a mile distant were 
blotted out by haze. No rain fell from the beginning of December till the 
middle of April and the heat was intense in the river valleys. Nearly all the 
trees are deciduous, and the hills were practically bare during February and 
March. Burning of the jungle commenced in February and the whole country 
then became dry and burnt up and hill climbing was more like work in 
Baluchistan than Burma. In the trans-Salween area of the Southern Shan 
States the villages numbered about 1 to 20 square miles andthese were by no 
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means evenly distributed. In Sheet 94 = there was a tract over 180 miles 
square with but 2 villages. In Karenni villages were more numerous but the 
people were uscless. There was great scarcity of rice throughout and it had to 
be sent out from the Shan centres to the surveyors. Nowhere was it so ex- 
pensive as in the prosperous Karen city of Ywathit where it was over one rupee 
for 4 viss, a viss being equal to 3} pounds. Here all rice is brought by bullocks 
from Loikaw or by boat from the direction of Mawkmai in the Shan 
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Some difficulty was found in following the boundaries between the small 
Karenni States, and the Assistant Political Officer, Mr. Carey, went round and 
pointed them out personally, thus ensuring their being correctly surveyed. 

About 260 miles of the boundary between Burma and Siam were surveyed. 
The surveyors were forbidden to cross the fronticr into Siam,and as the 
boundary runs along a watershed the whole way and the hills were heavily 
wooded, very little ground beyond the boundary was sketched in, with the ex- 
ception of that part lying in Sheet 94 “. The greater part of this sheet had 
been surveyed in 1909-10 in connection with a dispute as to the boundary, and 
here a considerable amount of the éountry beyond the boundary line has been 
mapped. All pillars mentioned in the Boundary Commission Report of 1893 
were found except one at a spot where the boundary crosses the Mé Pai river. 

No forests fell into the area under survey, but a theodolite traverse was 
done of the boundary of the Tamhpak reserve of the Southern Shan States 
division in Sheet 94 = amounting to 76 linear miles, and the reserve will be 
surveyed on the 2 inch scale next season. 

Recess dutics.—All the 17 shects surveyed were fair mapped during the 
recess and forwarded to the Circle Office for publication. Their numbers are 
94 3, 9, 10, ii, as 14, 15, 16? d4 1,2. 6, Seca and 94 Tr 

Small areas previously omitted in Sheets 93 4 and 94 % were also sur- 
veyed and mapped. 

The computations of the season’s triangulation and traversing were com- 
pleted and the charts and general reports of Sheets 93 O, 93 P, and 93 L were 
completed and despatched to head-quarters. Charts of Sheets 93 J, ¥4 E, and 
94 I still remain to be drawn, but will be done in the Trigonometrical Office at 
Dehra Dun. 


No. 12 PARTY (ASSAM). 


The operations of former seasons were continued in the Sylhet and Khasi 
and Jaintia Hills districts of Assam; the 


P&RsONNEL. 


Imperial Officers. survey being carried out on the l-inch 
Major A. Mears, I.A., in charye. scale. and consistin rt] igi 
Lieutenant G. F. T. Oakes, k.E. i 8 pa : y of original 
Provincial Officers. and partly of supplementary survey. 
Hs oe The Nongkyllem reserved forest, 26 square 
ur. U. vU. rne. . e e e 
Mr, Pramada Ranjan Ray. miles in area, which fell into the area 
Mr. J. H. Williams, ; 
Mr, Amjad Ali, under survey and had not been previously 
Mr. L. Williams, 
Mr: PC. Mitra, surveyed on a large scale, was surveyed on 
Mr. H. H. Creed. the 2-inch scale. - 
. cig saosin SETTER, Field work was commenced on the Ist 
r~. ana an uri. 
Liven Site wale Sones: November 1910 and closed at the end of 
41 Surveyors, ete. April when constant rain was experienced 


and it was impossible to continue it any longer. The programme was not 
completed either of triangulation, traversing or detail survey. Of the latter, 
all but one standard sheet was completed and the defect was partly due to an 
outbreak of cholera which necessitated the removal of the surveyors temporarily 
from that locality, and partly to the fact that few of the surveyors had had 
any previous experience of survey by interpolation in open hilly country, 
and their progress was at first very slow. This is the first season for many 
years that country of this type has been met with by this party. 
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Triangulation.—The triangulation was executed by two Provincial officers 
and was based on a secondary series which had been observed the previous 
season by No. 15 Party, emanating from the Assam Valley serics at about 
longitude 90° and running eastwards just north of latitude 25° 30’ to 
longitude 93°. | 

The heights of the season’s triangulation were based on the Chhaygaon and 
Palasbari bench-marks of the Parvatipur-Gauhati line of levelling of the Great 
Trigonometrical Survey, and agree very well with the original values of the 
Great Trigonometrical triangulation, but differ by some 5 to 7 feet from those 
of Mr. Bond’s revisionary triangulation of 1897-98. This is probably due to the 
fact that Rangsonobo H. 8S. which was Mr. Bond’s starting point, was affected 
by the earthquake of 1897, but was apparently assumed to be unaffected, A 
connection made by the Great Trigonometrical Levelling Party this season with 
Somullon H. S. gives a difference of only 1 foot from the trigonometrical 
height, whereas Mr. Bond’s triangulation differs by 5°5 feet from the original 
height. 

Triangulation being impossible over a large part of the arca required to be 
prepared for detail survey, traversing had to be resorted to. Two traversers 
were employed on this for the whole field season and a third for about 4 
months, and an area of 1,600 square miles was thus prepared for detail survey. 
The greater part of the area traversed consisted of open cultivated country 
which had been cadastrally surveyed in 1892-95, and only a few traverses were 
necessary in this part to provide heights. Adjoining the Bhutan frontier, how- 
ever, where there is much dense jungle, the traverses had to be run close to- 
gether, and the work was very slow. The stations were only temporarily 
marked by wooden posts in the jungle and wooden pegs in the open cultivated 
lands, three consecutive stations every two miles or so, being marked by galva- 
nised iron cylinders embedded in the ground and a mound of earth raised over 
them. There were 415 cylinders embedded and 489 linear miles of traversing. 

The area surveyed in detail comprised very varied country, a narrow strip 
of country at the foot of the Khasi hills being flat and open, while the hills 
themselves were precipitous and densely wooded in places and open rolling 
downs in others. a 

The supplementary survey was mainly based on the traversing of the 
cadastral survey of 1892-95; but the details of the cadastral maps were found 
to have altered so much owing to the length of time that has elapsed since 
the cadastral survey was carried out, and to the fact that almost the whole 
country is submerged annually during the rainy season, that the work practi- 
cally amounted to & new survey. 

Cost-rates.—The cost-rates are all affected by the difficulty experienced in 
obtaining labour for jungle clearing, and for transport purposes in the hills, 
where carts were impracticable and the wages paid very high. In the part of 
the Khasi hills which was triangulated, villages were few and far between and 
the communications very bad. 

The cost-rate for triangulation and traversing is low this season for the 
reason given above, that the traversing of the cadastral survey was found 
sufficient and very little fresh traversing was required in that area. The cost- 
rate for original l-inch detail survey is slightly higher than last season’s, which 
considering the nature of the country and the larger outturn of this season 
should not have been the case; but the increase must be ascribed to the causes 
etailed above, to which the failure to accomplish the programme was due. 

D 2 
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The cost-rate for 2-inch original forest survey is considerably less than last 
season’s, but this was due to the easy nature of the small area surveyed on that 
scale this season. The cost-rate of the supplementary survey is somewhat lower 
than that of last season, due also to the easier nature of the country. 

Recess work.— The mapping this season was almost completed when the 
party took the field again and the following sheets were submitted to the circle 
office for completion and publication 78 ,, + .-io. isis wisie 22d 83 |. The 
triangulation chart of Sheet 83 D which was commenced the previous season 
was completed, and also the general report thereof, and both forwarded to the 
Trigonometrical Office. This is the last chart that will be drawn by the party. 

The boundaries of the various petty States in the Khasi and Jaintia Hills 
are not defined, but at the request of the Local Government, the names of the 
States have been entered on the fair maps. 


on. IT. ] 


Scale. 


Class of 
survey. 


OUT-TURNS OF DETAIL SURVEY. 


Circle. 


TOPOGRAPHICAL SURVEY. 


Party. 


TABLE I. 


er emery feet rp enp — 


l-inch . 


l-inch . 


l-inch . 
l-inch ° 


1}-inch . 


2-inch . 


2 -inch e, 


(a) coe all kinds of 1-inch survey. 

© average outturn per month has been 2 assuming 24 working days per month. This has been done so 

that the different 
(ce) Including 


(b) Th 


Survey 


Revision . 


Re-survi-y 


Supple- 
mentrry 
Survey. 


Survey 


Survey 


Revision . 


6 9} 


z 


mm ma 


CA Hy Dm Azan @m 


ee 
“Nw bo © bee) 


. 10 
e li 


Oo wo Oo SN 


Bombay, Madras, 


Locality. Class of Country. 
Kashmir . -| Hilly . ‘ 
Punjab Level plains : 
United Provinces| Level plains and 

broken ground. 
Central Provin- | Open cultivated 
ces rig Central | plains. 


In 

Bombay. Central 
Provinces, Berar 
and Hyderabad. 


Varied . ‘ ‘ 


Part open, part hill 
and wooded. a 
Coorg. 


Madras . .| Part flat, enclosed, 
fe hilly forest. 

Punjab . o| F open, part 

eee 

-| Densely wooded and 


generally hilly. 
Southern Shsn rocky hills, 
States and 


Stee 
lightly wooded. 
Karenni. 
Assam ; - | Wooded hills , 


Mysore and 


Upper Burma 


Punjab and 
United Provin- 


ces. 

Central Becta Cultivated plains and 
and Central | wooded hi 

India. 
Bombay, Berar| Varied . es 
and Hyderabad. 


Flat open country 


Madras, Mysore | Bold forest-clad hills 


nd Coorg. 


Punjab. ‘ 
Punjab and | Flat open country . 
United Provin- 
ces. 
eee Provinces ! 
Punjab, | ae 
| 


Assam Open te ° ; 


Central Provinces, Cultivated plains and 


and Central ! wooded hills. 
India. 
Madras, ae Flat open with tidal 
and Coorg. creeks. 
Madras. Flat enclosed 
Punjab, : Hilly with deep 
ravines. 
Bombay, Berar Dense scrub-jungle . 
and Hyder&bad. | 
Madras. . | Part flat enclosed, spar 
hilly dense fore 
Upper Burma .| Densely wooded 
Assam sa. . | Dense hilly forest 
Punjab 


‘ .| Delhi city and ridge 
Madras, Mysore | Hilly forest ; 
and Coorg. 


rties may be compared together. 
. T. traverse fixings. 


Total 
square 
miles. 


296 


183 
26 


65 
665 


16°8 


142 
23°8 
26°7 
81°32 
21°6(a) 
30°1(a) 
138'3 


34:7 


21 


Average 
number 


of fixings 


per 
square 
mile. 


1l(c) 
13°0(a) 


25 
140 
70 


11°4(a) 
13°0(a) 
19°Q(a) 
11°4(a) 
9(c) 
25°7 


29°0 
66°7(c) 
34°4 
72 
35:-9(c) 


| Vou. II. 


RECORDS OF THE SURVEY OF INDIA, 1910-11. 


23 


0-8 o09'T 
8.0 oss'T 
0-1 se 
8.0 
96-0 982'9 
b ee 
an ee | 
: 3 sae | EF | a 
g 16. ‘ 
s | es |Fet] eg] g 
a |-Fe] go] oF | 5 
3 3) BE] al & 
: | Be; oR] 6 
| | Se] gl 
8 Ee 


‘ONISUTAVGELL 


"onzoawry Lrepumog (¢) 


"040d m00ur suoyqe;ndm10f) (e) 


8-0 T98 c0 9-8 89 ° oe 29 6-9 OPPS 9 : " -  WBSY 
*-0 £06 Z-0 9-4 rad 80 6 0.9 0.9 09s'T 9 sa}BIg UBYS B1oqIN0G 
9.0 6ZT g-0 0-01 $-81 9-11 | S4Z'T 9 * sung Jedd 
eee 9Z8 e ese ° eee ee 9139'S 9 s : : qefung 
8-0 TZ ; ° 10 0.8 *-8 $8 6LE 9 * stupeyy 
80 s9g | $.0 0-9T It g-0 an 9-9 9-9 692'T 9 ° — xoeA PY ‘serpeyy 
(2) 8:0 4-11 (v) Z-0 7.8 (») (v) 0986'S 9 ° apleg pue Aequiog 
9-0 ¥FO'T | 80 “OI 90T se 9. 2d ZI9’e | £29 |° seeulsorg [esquay 
coe eee . eee oe eee tee eee : SOOUIAODIT peyiay 
+ “S0ULAOIG 
6-6 9% | 5.0 welt | 8t ? ae 9.9 9.9 | 988 9 | pean pay gefuog 
e eos yy) eee eco ace ee 9 2» g ® td e qsfang 
e eee e eco Pee eee 640°E 9 * : be ITA YS yy. 
= - | ee = mon Gb = a 7 F = : ——S ee ee i 
BF) pel er il eR) & | ee | oF cP ist] g | ge 
mE Bo 8 3 s =k |. a § o ry a] 
ime) oO = =, al re) =] 
pi] S/ 2h) FF) g | fi) Fe Be) Ee] e |e! 
2) | : | ® “kyy7s00T 
R| El 3] 2 z] 3 : 2 | FE 
3 0 : aces, == ~ > : - ; 
ee sevucs, | “sOMIA 3 5 


‘ONISUAAVUL GNV NOILVIOONVIUL LO STIVLAG 
“Il DGIGVsL 


"NOLLVIOONVIGL 


> ov) 


oI “ON 


TT ‘On 
OT ON . 


6 ‘ON 


8 ‘ON . 


‘ON 
“ON 
‘ON 
“ON 


-~¢ )™w © & 


€ ON 
6 “ON 


4 


Bununnenomp mW 


Za A 


j 


28 


TOPOGRAPHICAL SURVEY, 


Vou, II, ] 


‘sfoarns [®00] pus 
SouvesIuaMOOeZ uO 


968'I? "sy Surpnporg (¥) 


"yl0M 
UsysTy on] uo 
106'9T “ey arpnjoxg (6) 


*£oarne al jo spury 
We 0f oyer-ys0q ( Sf ) 


*soa.me [890] UO 
SF8‘ST "87 Suipnpxrg (a) 


BzeqY = jo ina 
ASIN jeradg ¥ 


PUs Uol;EI0/dxa 10g 


606'S “SY Yuipnpoxg (7) 
“$IOM IOJ 0981-3809 (2) 
“HIOM we a0z 0}81-380F (9) 


*sqUaMIJedxa sgayd 
SOAIOQ POT 0y 
OF8's “sy Sutpnjoxrg (v) 


ee 


“BYaVR Iq 


GLY 
LP 
T-09 
6-9T 
9.06 
8-92 
L-9§ 


9.02 


4-61 
0.41 
9-06 


o 
om 
sc) 


aii 
nyjouy 


exzenbs 10d 0301-3800 oats 


L2V'0S'‘T 
SoT‘OP'T 
(Y)LLTUF'T 
(5)412'96 
98F‘'OI‘T 
1¥9‘86 
LOS‘ST'T 
CF9'90'T 
(9)18'90'T 
T3Z‘90'T 


(P)PSL'Se'T 
(D)Z9L OUT 


a 


161'S 
6852'S 
8622 
L89°9 
L83'T 
8209'S 
060'E 


991°9 


8409 
282‘9 


£66°9 (2)9-4 


vI9'S 


*soltur ervnbs ‘nolsos 


II@ to saznqjzn0 Aaams T8}0], 


T-@: 
£.q- 
(20.2 


“elt aL 
137 


3 


} 


exrunds iod Su 


Ln. | “ST peo 
6-01 “s 1999) "| S€L "10.08 |-yes0y Aired put sug}* ° Panape 
: 3 
f-S1 eee os nae es° : * | g.te |° ° siqtq £9902 ‘daaqg | ugg W19q4}n0g 
8-8 eg; “ | mw | ft vw | tee qty A[jaed Gey dpieg|* ‘sung seddp 
&-9 ree Poste fete Pee eee Ps 1g) 8.01) Hemp Apred pus uado ‘yeq{*  ¢ — qufung 
*48a10$ 
1-99 - 11.66 ,80b 1 “" | °° fo | ogy | e8uap pus pesojuue yg j° plat 
°S1 
Le LL | [eset oc [ust |. [ee fo of SoouVA |puV slosh ‘sales 
"pequiopAy 
Geb oo | gus | "* 1 001 | get [° 18anl quios puv sureyg | pas sgieg ‘Auquog 
| “SITY po /Brpay [ezUaD pae 
GIT ™ S18) °" 1-8. | 8-61 | Poo puw sureyd paywarying | ssoutacig = [813,097 
“panos 
es ee Meas, Ny See ole "7 (£)9.6] Te40q pus sured eae] | * sooutaosg poray) 
! “BIDUTADL 
9.8 hb | FOOT BIT Mm Pe pt wedo puw quiq | pean pase qulung 
eee ! oop #82 eos ee eee ee $6 ° e e sured [oaory e ° qefang 
8.6 . woe eee ge eee L-91 e e r e At e ° ITULgsEyy 
ts nes no bs aos i bee 
Pl) e |e lap] el ge | & 
3 P/E | E|dE) B/E E 
g puvaouyy | ; fl as ¢ J. " 
a. 775 1s | e/a ]s {8 
q . Bac = "£20000 30 SEBIO “£y1T800'] 
‘S1IN ‘S1IW SaVOOe 


aVaGNI1I Sad Nad NOLL ETIN Gavooe Gia ikasNg TIViEGg 


ONISURZAVEL | -VIAQONVIFT 


‘S9ddNS ‘SHLVA-LSOO 


‘AMAGAS dO SALVaE-LSOO 
‘Ill DTV 


gi ON 
II ‘ON 
ot oN 
6 ON 
g “ON 
LON 
9 “ON 


G ‘ON 


FON 
£ ON 
3 ON 
T ON 


“Aqr8g 


@ 


"TOI 


24 RECORDS OF THE SURVEY OF INDIA, 1910-11. (Vou. IT. 


PART II.—GEQODETIC SURVEY. - 


ASTRONOMICAL LATITUDES. 


No. 13 PARTY. 
(Vide Index map 10). 
By Liecrenant-CotoneL G. P. Lenox-ConynaHam, R.E. 


The programme of observations for the season 1910-11 consisted of 
3 two separate parts. The first part includ- 
ERSONNEL. ° 

Imperial Officer. ed the observation of six astronomical 

Major H. L. Crosthwait, R.E., in charge. latitudes in Sind and Baluchistan, and 

the second part consisted of the addition of four latitudes in the Siwdliks ; it. 

had been intended to include two more stations in the latter region, but the 

abnormally wet and cloudy weather of March 1911, and the fact that the 

officer in charge had to go to Simla at the beginning of April to take over the 
Simla Drawing Office prevented the completion of the original plan. 

2. Major H. L. Crosthwait, R.E., held charge of the Party throughout 
the year and made all the astronomical observations. During the recess season, 
though Major Crosthwait continued to be in nominal charge, the work of the 
party was supervised by Lieutenant-Colonel G. P. Lenox-Conyngham, R.E. 

3. The instrument used was the zenith telescope by Messrs. Troughton 
and Simms, which has been in regular use as the chief latitude instrument of 
the department since 1880. 

4. The constunts of the instrument and results of the operations.—The 
levels mounted on the zenith telescope were Nos. 9 and 10 by Holmes, 

Determinations of their scale values were made on the bubble tester both 
before and after the field observations. 

The results were not very satisfactory, as there is a good deal of difference 
between the values obtained before the field work and those obtained after it. 

As there was no means of saying which of the two values was the more 
trustworthy, the mean has been used for the reduction of the observations. 

The values obtained were— 


Level No. 9. Level No. 10. 
Mean value of 1 division before field work . ; : 0”-935 0-829 
” ”» 99 ? after 9 2 0"*916 0-805 
Mean used in reduction ; 07-925 0”-$17 


There is clearly an uncertainty of at least 2 per cent. in the level correc- 
tions deduced from these mean values; but as the mean magnitude of the 
level correction is less than 1 inch, and as there is no tendency for it to be 
of persistent sign, the error in the final latitudes due to this uncertainty is pro- 
bably extremely small. 
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5. The micrometer value was determined by means of measurement of 
the differences between the declinations of well known couples of stars. Some- 
times these observations were fitted in among the latitude observations, and 
sometimes a special night, or more than one, was devoted to the business. 

The results obtained were as follows :— 


Value of 1 revolution of micrometer at Quetta : ; ~ 697177 
” 9? ” Mach : ° ‘ 69”: 180 
99 ” ” Dasti e ° . 69%°176 
29 99 ” Dumb e e e 69”°177 
» ” 5s Sultan ka Got : . 697192 


GENERAL MEAN »~ 697181 


No observations were made at the other stations. These results are very 
satisfactory, and give great confidence in the truth of the value obtained : 
nevertheless in order to test it still further, abstracts were prepared of the 
observed latitudes according as positive or negative micrometer corrections 
entered into their formation, in order to see whether there was any sign of a 
systematic difference. | 


The results are shown in the following table :— 


calstitads | yaime of mean | , cotitade |  Valnoot | APparent error 

saison. Tre tomtive | Positive micro- | from observer | | ies joro- | of 1 revolution of 
micrometer one M.. negative micro- | meter correction pani ae “2 

Soreenens meter ay aa = M;. “i00 (M+ Mi) 

" “ " 
Quetta ; . : 4°00 1908 3°66 2078 +0°0085 
Khojak ° : . 39°40 2226 39°47 2534 —0:0015 
Mach. . . 39°50 2211 39:28 1770 +0:0056 
Dati. . «©. 32°50 2506 82°32 2225 +0°0027 
Dumb : . ; 41°80 2534 41°61 1939 +0°0042 
Sultan ka Got ‘ : 51°94 2206 51°94 2549 +0 

Shorpur ‘ : : 44°67 1990 44'34 2174 + 00079 
Bullawalla_ . : : 37°83 2893 37°41 1830 ++ 0-0089 
Lachkua , : : 54°65 2898 64°48 1711 +0:0037 
Hatni : : : 28:28 2237 27°49 2748 +00158 


The mean of thededuced apparent errors at the six Baluchistan and Sind 
stations is +0°:003. 

This quantity hardly exceeds the probable error of the adopted mean value 
and our confidence in the latter is therefore increased. 

The mean apparent error deduced from the observations at the Siwalik 
stations is +0”°009: this quantity, though larger than that derived from the 
Sind stations, is still not excessive; and any ill effects will be easily cancelled 
by producing a balance betwcen the positive and negative micrometer correc- 
tions before taking a final mean. 
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6. The results of the season’s operations are as follows :— 


eight Seconds of 


H ; 
STATION. Longitude. above Geodetio Latitude Astronomical Latitude A—G. 
M.S. L. = Q. and 2 ca error 


RE? | ASS NS = Eee 


Six Baluchistan Stations. 


feet oe ds v sf - 


(i) Khojak : 7851 30 51 24°85 2021 +0061 — 4°64 
(11) Quetta ‘ 5 57°37 6691 +0°098 — 1°46 
(iii) Mach . : | 31°51 20°46 +0°058 —11:05 
(iv) Dasti . : 29°93 27°61 +0058 — 232 
(v) Dumb. 21:09 1830 +0°048 — 279 


(vi) Sultan ka Got 9°41 805 +0-045 — 1°36 
Four Siwalik Stations. 
(vii) Lachkua : 2674 30 4 3424 634 -+0:050 — 28°90 


(viii) Hatni. 3096 31:98  +40:096 —29'59 


(x) Shorpur ‘ 2916 15°30 +0°:073 29°13 


A negative value of (A-—-G) denotes a northerly attraction of the plumb line. 


The topography of the stations— 
(1) Khojak is on one of the peaks of the Khwaja Amranrange which 
runs from N.N.E. to 8.8S.W. in an almost straight line. 
The distribution of the mountain masses within a radius of 
50 miles is such as to lead one to expect no marked deflec- 
tion of the plumb line. 


(it) Quetta—Here again there isan apparent balance of masses to the 
north and south, and no cause for a deflection of the plumb 
line can be found. 

(141) Mach is situated_on the Bolan valley about half way down from the 
point where the descent from the Dasht begins, There isa 
notable excess of mountain masses to the north of this station. 
To the south-east, the hills fade away into the plains, the foot 

being about 20 miles distant to the south, and the hills are 
much less lofty than to the north. <A northerly attraction is 
therefore to be expected at this station. 


(tv) Dasté is in the plains ; the nearest hills are about 25 miles distant 
in a north-west direction. To the north the foot of the hills is 
about 40 miles distant. If we considera belt lying between 
circles of 40 and 80 miles radius respectively, we may estimate 
that the portion of it from west to north-east (clockwise) is 
occupied by hills, the average height of which is 5,000 feet 
greater than that of the land occupying the remaining 


Vou. ITI.] GEODETIC SURVEY. 27 


five-eighths. The attraction in the plane of the meridian will 
then be— 
0”:000742 x 5000 x 1:'766=6"6 * 


This may be taken to bea rough approximation to the effect of the 
visible masses within a radius of 80 miles of the station. If 
the investigation were extended, a larger attraction to the 
north would undoubtedly be indicated, for the country to the 
north is all elevated while that to the south is low-lying. 

(v) Dumb is in the plains a few miles to the west of Jacobabad ; the 
nearest hills lie about 30 miles to the north-east and 50 miles 
to the west, indicating that. a northerly attraction might be 
expected. 

(vs) Sultan ka Got is similar to Dumb, but the hills are now more 
remote. 

(vit) Of the four Siwalik stations, Lachkua, Hatni, and Bullawalla are 
on the southern slopes of the Siwalik range (that is on the side 
remote from Dehra Din and the Himalaya), while Shorpur 
is on the main ridge of the range close to the Mohan Pass by 
which the Saharanpur road enters the Din. 


7. The deflections of the plumb line.-—The deflections found at the stations 
in Baluchistan and Sind are remarkable in the first place for their smallness.t 
The hills of Baluchistan and Afghanistan, though they do not rival the Himé- 
laya in height, are nevertheless a mighty mass, and in one respect have an 
advantage over the Eastern ranges as a source of attraction on the plumb line. 
The Himalaya are annually subjected to an extremely heavy rainfall, and in 
consequence great and numerous rivers have cut deep valleys for themselves, 
and left but a remnant of what the mass would have been but for the action 
of denudation and erosion. It is only beyond the great wall of the main 
Himalayan range, which finally exhausts the monsoon current of its moisture, 
that an elevated plateau of any considerable extent is to be found; the 
latitude stations of the submontane tracts and of the outer range are therefore 
within close touch of ridges only, not of high plateaux. 

In the arid regions of Sind and Baluchistan, however, the action of 
water has been much less, and within a distance corresponding only to that, 
for instance, of Simla from the plains, we come to wide expanses of elevated 
land, with peaks and ranges rising above them, but without deep valleys, In 
a computation of the effects of visible masses by the zone system it would be 
found that the mean height of the nearer, and therefore more important, zones 


© Vide Professional paper No. 5, page 50. 

+ If, as there is reason to believe (vide Phil, Trans. Series A, Vol. 205, page 313) the plumb line at 
Kalianpur, the station of origin of the triangulation, is subject to a southerly deflection of about 6”, then 
all the geodetic latitudes must be diminished by this quantity, and the values of (A—G) given on page (26) 
will become 


”% 


Khojak ‘ ‘ ‘ : . : ° ° ; ° . + 1:36 
Quetta ‘ ‘ : ° P ° : ‘ : ‘ - + 454 
Mach ; ; ; : , e ‘ ; ‘ ‘ » — 6:05 
Dasti , < ‘ ‘ ; : : ‘ ‘ ; . + 3:68 
Dumb ; ‘ ‘ ‘ j ° ‘ § ‘ . + 83:21 
Sultan ka Got ° ° ° e ‘ ; ‘ . - + 464 


that is to say, southerly deflections will be indicated at all the stations except Mach. This emphasises the dis- 
eord between the observed results and those which a calculation of the effects of the visible masses would 
lead to. 

B 2 
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surrounding the Baluchistan stations, would not fall far short of that found at 
similar distances in the case of Himalayan stations. 

8. The uniformity of the deflections at the three southernmost stations, 
Sultan ka Got, Dumb and Dasti, seems to indicate that the mountains to the 
north exert no effective influence. The form of these ranges however is not 
so simple as that of the Himalaya ; the lobe of mountainous country which 
has the appearance of having been squeezcd through an aperture lying between 
Dera Ghazi Khan and Sibi, and the tongue of flat land which extends from the 
plains of Sind up to the latter place, are remarkable features, and may point to 
@ more complicated substructure than the ditch and hidden chain, parallel to 
the mountain range, which the deflections of the plumb line and the variations 
of gravity have revealed in the region that lies under the shadow of the 
Himalaya. 

9. It has been suggested with much plausibility that the whole of the 
mountains extending from Burma to Sistan are due to a surface flow or creep 
from the north-east which has encountered an obstacle in the continent of 
India. This obstacle has arrested the flow all along the line of the Himalayas 
from Sadiya to Peshawar, but there came to an end, so that the flow proceeded 
all along the Indus Valley forming the Sulaiman Mountains, the lobe alluded to 
above, and the ranges of Sistan and Makran. It secms clear that a projection 
of the obstacle runs up to Sibi and that the mountain tide has flowed round it 
on two sides. What is the nature of the obstacle? If at the foot of the ranges 
there was a mass of archean rocks, it might be readily conceded that it would 
offer the opposition postulated, but instead of amassof ancient rock, there are 
wide plains of alluvial deposits the depth of which is known to be very great, 
perhaps as great as the height of the highest peaks that stand above them. 

If the theory of the flow from north-east is correct, it seems clear that re- 
sistance must have been encountered at a great depth, and that the action may 
resemble that which causes breakers fo rise, curl over and fall on the sea-shore. 
We do not, it is true, see the mountains taking the precise form of curling 
waves, but it must be recollected that the movements in the case of mountains 
are extremely slow, and that the uplifted mass is at all times suffering denu- 
dation by the action of rain, frost and wind, so that the softer portions, at any 
rate, are cut away almost as fast as they are raised. 

10. The tongue of land that runs up from Shikarpur to Sibi and the 
line of the Indus are regions which deserve careful study. At Jacobabad, the 
pendulums shewed an excess of density, at Sibi a defect. More pendulum 
stations are required, or it is possible that the investigation could be more satis- 
factorily made by means of Baron Hotvés’s gravity balance, if we were equipped 
with one. In comparison with the sub-Himdlayan tracts this region is il] 
provided with stations of triangulation at which latitude observations micht be 
made with advantage, but if a good portable pendulum room could be devised 
there is no reason why a number of gravity determinations should not be made. 
Up the Indus Valley, the north and south lie of the mountain ranges deprives 
measurements of the deflection of the plumb-line in the meridian of their 
value, but here again the pendulum would yield useful information. 

11. The results of the observations in the Siwaliks are remarkable for 
their uniformity. It does not seem to make any difference whether the station 
is on the southern slope, on the crest, or on the northern slope of this range, 
the deflection appears to be always about the same. The mass of the Siwaliks 
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is, however, small, and analysis may show that the observed deflections are 
satisfactorily accounted for by known causes; the greater distance of the 
stations on the southern Siwalik slope from the Himalaya, and the greater 
proximity tothe hidden chain, being sufficient cause for the slightly smaller 
northerly attractions of the plumb-line found there. It is doubtful whether 
we possess sufficiently detailed maps of the Siwaliks to permit of an analysis 
of such refinement as to explain differences of fractions of a second, but it 
will be possible at any rate to indicate limits within which the effects of the 
visible masses must lie, and to say, therefore, whether any special and invisible 
cause must be postulated to account for the observed phenomena, 


PENDULUM OPERATIONS. 


No. 14 PARTY. 


(Fede Index map 10). 
By Mayor E. A. Tanpy, B.E. 
During the season 1910-11 pendulum observations were made in Burma, 


PERSONNEL. where gravity was determined at eleven 

- x apie es : stations fairly evenly distributed between 
pt M ) R bad ° 

ond ‘Mley 1911. es in charge up © ~Mogok in the north and Bassein and 


Major E. A. Tandy, R.E., in charge from : 
Srd May 1911. Rangoon in the south. 


rie els H. J. Conenmsa, R.E., attached from The whole of the field work was done by 
th September 1911. . : P 
Provincial Officer. Captain H. M. Cowie, R.E., assisted by 
Mr. Hanuman Prasad. Mr. Hanuman Prasad who took the time 
observations, and also did the pendulum computations during recess. 


The following table gives the position and height of the stations visited :— 


TABLE I. 
| 
Station. Latitude. Longitude. Be aby 

| 
1. Rangoon ‘7: “7 65 06 ; 3 ! i 
2. Prome | 18 49 40 95 18 40 | 10) 
8. Henzada 17 39 17 95 27 18 | 46 
4. Bassein ye. ab ae ar | os ae 23 
5. Toungoo 18 55 50 96 27 3 | 159 
6. Pyinmana ; ' 19 44 25 96 11 56 409 
7. Meiktila 20 Sl 26 95 51 58 799 
8. Mandalay . . «© «| «| 21 59 44 | 96 6 28 244 
9.Maymyo . . «© « « 2 1:18 96 28 24 | 8,495 
10. Mogok . ° ‘ . ; -, 22 54 51 96 29 51 | 3,685 
ll. Myingyan : ° . ° . 21 28 56 95 23 50 | 248 


esse enneraraeaee eer eee ere erence ene ce eee c eens ee ener ee ace ene TTT IETS 


80 RECORDS OF THE SURVEY OF INDIA, 1910-11. 


[Vox IT. 


Pucca buildings were provided at all stations, and conditions for control of 
temperature, etc., were quite satisfactory, with the following exceptions :— 
At Bassein and Toungoo the floors were bad, and the rooms rather unsuit- 
able and in bad repair, so that temperature control was very difficult ; at 
Prome and Meiktila the temperature control also presented some difficulties 
on account of insufficient protection from the sun. 
The average temperatures and their hourly variations are given in the 


following table :— 


STATIONS. 


Dehra Din, October 1910 
Rangoon . : 
Prome e e ° 


Henzada ° e 


Bassein . ‘ 
Toungoo . . 
Pyinman& . . 
Meiktila 

Mandalay ‘ 
Maymyo 

Mogok . ; 


Myingyan ° ° 


Dehra Din, April 1911 


TABLE II. 
NIGHT. 
aba cee 
ture. 
°C °C 
2400 | +0:07 
25°96 | +0:03 
26°35 | +0°01 
26°23 | +001 
24°74 | —=Q°10 
23°11 | —0-12 
24°56 | +004 
24°92 | —0°18 
22°61 | +0:08 
13°52 +0°05 
16°85 017 
30°44 | +012 
26°37 | +0°08 


Dar. 


Se | ee! |) . 


Man. 
femperse | Heatly 
ture. 
°C oC 
23:73 | +011 
25°65 | +0°06 
24°71 | +0°10 
29°28 | +0:02 
23°59 | +0:05 
21°78 | +0°24 
23°80 | +0°10 
23°16 | +0-14 
22°56 | +0°07 
13°28 | +016 
16°40 / +0°15 
30°54 | +0:10 
26°19 | +012 
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Observations for flerure were made at the commencement and close 
of work at each station. The following table gives the observed flexure 
corrections and the mean adopted for each station. The amounts range from 
83°5 xX10~ to 52°3x107’. 


TABLE III. 
son bt al 
Sec. Sec. 
Dehra Din ‘ .| 17th October 1910 ; 87°7x1077 
23rd ggg y : 87°4 87°6x 10° 
Rangoon . : .| 18th November 1910 . . 53-1 
23rd iy, ae : 51°4 52°38 
Prome _e ° . | 28th i CR : 41°5 
3rd December ,, ; 40°5 41:0 
Henzada . ; .| 10th 3 ao Ss ; 88°38 
4th » » « «| 876 $79 
Bassein . ‘ - | 17th Pr OU ‘ 50°5 
21st is go: ie : 49°4 50°0 


Toungoo . ° .| 2nd January 1911 . ° 42°7 


7th 5, os : 42°9 42°8 

Pyinmana ‘ . | 14th as ane : 84°7 
18th i, » ‘ 83°5 : 34°1 

Meiktila . : . | 22rd - ss ; 34°9 
27th sy » . 85:1 35°0 

Mandalay ° »| Qnd February 1911 . : 33:8 
| 6th ~—Sséis ye ° 35°6 34°5 

Maymyo . ° -|llth =, » 8 ° 34°9 
14th sé, » ° 83°9 $4'4 

Mogok . ° »| 1st March x: 8 ° 42°2 
5th ,, ‘7S ° 41°7 42°0 

Myingyan . .| 19th ,, Cx : 33°6 
28rd_s,, » 83°5 33'5 


Debra Dan . _ .| 16th April » ee] 859 
22nd ,, » «ef 868 86-1 
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9. Table IV shows the times of vibration of the four pendulums at Dehra 
Din in October and April. 


TABLE IV. 
Date 187 138 139 | 140 | Mean, 
1910 
Oct. 17—18 05072582 | 05074972 | 0°5071591 | 0°4070872 , 05072504 
18—19 2562 4977 1572 0865 2494 
19—20 2568 4.959 1586 0860 24938 
21—22 2679 4976 1599 0874 2507 
Means .| 0°5072573 | 05074971 | 0°5071587 | 0%5070868 | 0*5072500 
1911 
Apl. 17—18 0°-5072567 | 0°-5074994 | 05071608 | 05070872 | 0°5072510 
18-19 2557 4976 1596 0867 2499 
19—20 | 2574 5007 1620 0884 252) 
20—21 9545 4988 1601 0867 2500 
Means «| 05072561 | 05074991 | 05071606 | 0*5070873 | 0%5072508 


0°5071597 


0°5072504 


General means adopted | 0°5072567 | 0°5074981 
for season. 


0°:5070870 


Differences, April—Oct, —12 +20 +8 

In the Narrative Report for 1908-09 a diagram was given showing the 
variations in the time of vibration of each pendulum, as observed at Dehra 
Dian at the commencement and close of each field season, from the time of the 
first observations in January 1904. 

These curves have been carried on to date, and it is interesting to note 
that, whereas the mean pendulum showed a change which would correspond 
with a decrease in gravity at Dehra Din of nearly ‘02 dynes between January 
1904 and November 1909, since the latter date there has been a steady rise 
amounting to ‘01 dyne up to April 1911. While individual pendulums have 
their own fluctuations from the mean of the four, it is rather remarkable that 
in every one of them the curve is at its highest in January 1904 and at its 
lowest in November 1909, with a distinct rise since ; even the least conformable 
pendulum, No. 140, falls 01 dynes between January 1904 and November 1909 
and has risen ‘006 dynes since the latter date. 

Gravity units have been used in the above discussion, not in order to sug- 
gest that changes in the force of gravity at Dehra Din are the true cause of 
those fluctuations, but to show the kind of significance they bear in relation to 
our general results. 

In the present state of knowledge on the subject these variations are treated 
as being due to changes in length of the pendulums—(a change of length of gu 


Digitized by Google - 


DIAGRAM SHOWING CHANGES 
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From Jany. 1904 to April 1911 


Maxvnum 


Jany. 04 


wmeoevwrewe ween eewr<Xy ne -- eee we ee wr oce wwe wearer e - w+ © 


een eat ce eee ae ee eS ea ee a ee er ee ae ee eo ee ee es Stee Se ee ea 


meer eemrenwwr new ae eweweewn sewer ew ew @ewoewer ae 


Novr. 04 


May 05 


uIn[Npuay UvayyT 


68 mnynapusa] 


sl se an eo a Hae a a ees a es i ae a ee ay a a a a a Se em, sak eee ee Lee el Ss ag a arm a ga a eT SE ee pe oo a ad oo 


g 
g 
s 
Lgl wnnpueg S 
= 2 2 ea = 
38 
gé 
wn ¢ ] 
as gel wnnpieg 
a 
BE baat «eis euttodac AMIE, wx utenedeaus diese an exchiad Beast eile datets ae! 
sauce al i as — y 
; OFT wNnpusg 
oS © & bs S ee S 2 2S S = = 
EF E e 6 OC > E .6hCU F ,» —&- & 
?, Ss 7, | 7, Ps Pe | 7, S| zi < 


Vou. II. ] GEODETIC SURVEY. 33 


of an inch in the mean pendulum would cause a difference of ‘01 dynes in the 
result) ; and the gravity observed at all other stations is deduced on the assump- 
tion that gravity at Dehra Dan is invariable, and that the fluctuations found 
there are due to instrumental changes which must be allowed for each season. 

When however all the pendulums begin to show an accordance somewhat 
greater than one would expect from such obscure individual causes of fluctua- 
tion, it becomes desirable to consider the possibility of their all being similarly 
affected by some other exterior cause. 

The above noted accordance seems sufficiently remarkable to deserve 
watching. The question has been referred to Captain H. M. Cowie, R.E., 
who has done all the observations of the last three years ; but he was only able 
to say that he knew of no change in procedure, or in dealing with temperature 
or other conditions, which could account for the curve reaching a minimum in 
November 1909 or indeed for any change whatever during the whole period of 
his work ; and that in such foreign records as he had seen, no further grounds 
had been suggested for such changes. A diagram showing the curves of the 
mean pendulum and the separate pendulums up to date is attached. 

8. In Table V are shown the values of “g” deduced for all stations, 
taking that at Dehra Din as 979:063 dynes, together with the observed times 
of vibration of the mean pendulum from which these values are deduced. 


TABLE V. 
Station a ae a 
. Sec. Sec. Dynes. 
Dehra Dan . ee] 05072504 asi 979-063 
Rangoon . ; : ; .| 0°5074048 0°0001544 978°467 
Prome : . «  « «| 05078850 | 0000146 978'543 
Henzada a ae 0°5074018 | 0-0001509 978-481 
Bassein oe) le 095074027 | = 0°0001528 978°475 
Toungoo .  . . oe) wT 05073812 | 0°0001808 978°558 
Pyinmana . oe) | 05078761 | 00001257 978°578 
Meiktila .  . -  «  « «| 05078660 | 00001156 978-617 
Mandalay »  o. « «| 0°5078407 | 00000908 978-714 
Maymyo - + + «| 05078988} 00001484 978-490 
Mogok 05073862 | 0:0001358 978°539 
Myingyan . 0°5073171 | 0°0000967 978°690 


These results are summarised in Table VI, and compared with the theoret- 
ical force of gravity at the various stations in the usual manner ; the method 
being as follows :— . 

The observed value “ g ” is corrected first for height to reduce it to sea 
level ; then for ‘ mass,” which consists of subtracting from it the effect of the 
layer of earth between the station and sea-level, assuming that layer to consist 


P 
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of an indefinite table-land of normal density equal in height to the station ; 
finally this correction for mass is modified by a correction for “ terrain ” which 
allows for actual irregularities of the ground within 35 miles of the station, 
which of course is usually not a level table-land. 

We thus get a value g.” which shows what we may suppose the observed 
value would have been if taken in an open plain at sea-level ; this is then com- 
pared with y,, which is the theoretical value of gravity at sea-level as computed 
for the latitude of the station. | 

The differences g,’—y, shown in the last column, give the differences 
between theory and observation which we have to consider. 
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The practice of previous seasons, which accords with that of other coun- 
tries, has been followed in this matter; but, now that we are beginning to 
compare our results with various theories on the subject, it would perhaps make 
things clearer always to leave our observed result, g, alone, and to apply our 
various theoretical corrections to our theoretical y,, distinguishing the gammas 
resulting from different theories by suitable suffixes, and then comparing them 
with the observed g. 


In any broad comparison of different hypotheses this would appear to be 
the most straightforward plan, but of course the figures resulting from the 
comparisons will be the same in either case, and the objections to a break in 
the continuity of procedure have to be considered. 

-- Under the present system it is hard to say what g.” really is, as it consists 
of an observed quantity modified by theoretical corrections, 


4 The time observations, by Mr. Hanuman Prasad, were made with the bent 
transit instrument by Messrs. Troughton and Simms ; the probable error of the 
clock rate determined from observations on two successive nights was +0*012, 
the mean of the probable errors by single stars observed on two successive 
nights being +0*048. 

5. The chief theoretical enquiry before the party lay in a consideration of 
how our pendulum results would fit in with the isostatic theories put forward 
by Mr. Hayford after a comprehensive analysis of the results of the U. S. 
Coast and Geodetic Survey. 


A. preliminary study made it clear that the effect on gravity stations in 
India must be computed for the whole surface of the earth, as indicated by 
Mr, Hayford, before the results of his hypothesis could be adequately dealt with. 

This work was therefore done, using the zones, compartments and method 
devised by Mr. Hayford for his own work. 

The principle of interpolation was very freely used, and as a result three 
maps of India have been prepared, each showing by contours the resultant 
effects of certain zones on any required point. 

Small scale orographical maps in the Harmsworth Atlas were used 
for the outer zones 1-6, te, from the Antipodes to 27° from the station. 
For the remaining zones Captain Cowie’s Bathy-orographical Charts of Asia 
and the Indian Ocean were used up to zone 11 inclusive, bringing the work 
up to a distance of 400 miles from the station. 

Independent estimations of the masses made by Lieutenant-Colonel Lenox- 
Conyngham and Captain Couchman shewed that the original estimation for 
each point in each map was probably correct within ‘0001 dynes; and suffi- 
cient points were employed in each case to keep the errors arising from interpola- 
tion within about ‘0003 dynes. It is therefore estimated that the total resultant 
effect of these 11 zones as estimated from the three maps will generally be 
correct within ‘001 dynes, and even in extreme cases the error could hardly 
approach ‘002 dynes. The accuracy of results is therefore quite up to require- 
ments; and, considering our ignorance of the mean heights to our north and 
the mean depth to our south, the methods employed are distinctly more trust. 
worthy than the data on which they are based. 

It is not proposed to carry this general work for all India beyond zone 11, 
as the remaining zones within 400 miles can be more conveniently dealt with 

individually for any required station, using larger scale maps. | 
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It will now be a comparatively slight labour to get out complete Hayford 
corrections for any required stafion. 

Captain Cowie computed out “Hayford” corrections for the ground 
within 100 miles of each of 42 pendulum stations last recess, and made some 
examination of the results on the assumption that, as all the stations lay within 
latitudes of 20° and 30°, the effect of the outer zones would everywhere be 
- minus in sign and would not vary very greatly in amount. The first assump- 
tion is correct, but a very rough attempt, in the case of 4 selected stations, to 
fill up the gap between the first 11 zones, computed this season, and 100 miles 
computed by Captain Cowie, seems to indicate that these outer corrections will 
amount to from —'010 to —°050 dynes. 

Until these quantities are exactly worked out any discussion would be 
premature ; but it seems probable that the general result for most parts of India, 
taking observed gravity minus gravity computed on Hayford’s hypothesis, may 
be something like +°050; though in troughs of defective gravity such as at the 
foot of the Himalayas, the two quantities may agree pretty well. 

This statement does not include the southern parts of the Peninsula, which 
have not yet been considered. 

In connection with this rough estimate of +°050, it is interesting to note 
that this is exactly the mean residual obtained by Mr. Hayford in applying his 
hypothesis to 16 stations scattered over various parts of the care as given in 
his preliminary pamphlet on this subject, 
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PART III. TRIANGULATION. 


No. 15 PARTY, 
(Pde Index maps 9 and 10}. 


By Mayor H. H. Turner, R.E. 


The work of this party has for some years been on the increase. In 1907 
Peaseasae: the party consisted of personnel for em- 
ployment on one principal serics. In the 
Imperial Officers. : 

season under review, three detachments 

Majcr H. H, Tarner, R.E,, in charge. fe ce 
Lieutenant E. B, Cardew, R.E. have been employed se principal, three 
Lieutenant F. J. M. King, R.E. on secondary triangulation and three more 
Lieutenant H. G. Bell, R.K. On special work, consisting of the revision 
ii Mason, R.E., attached up to of heights on the great arc series, the 
seloction of sites for base lines, and minor 


Provincial Officers. : : : Z 
eee triangulation work in Kashmir to deter- 


Mr. H. B. Simong, up to 31st May 1911. 


Mr.C. H. Treshara, mine definitely the position and height 
M~. Abdul Hai. of the peak Teram Kangri. The minor 
Mr. V. D. B. Collins. triangulation for topographical purposes 
Mr. F. W. Smith, :; : 
Mr. V. P. Waimright, In Kashmir was also Included in thig 
Mr. G. A. Norman, year’s party programme, but the detach- 
Mr. B T. Wyatt. ment carrying out this work was trans- 
wir C. 8. MeInnes, ferred on the Ist April 1911. 

Mr. Abdul Karim. 

Mr. K. 8. Gopalachari. In order that the work of the party 


may be properly controlled, the officer 
in charge now remains permanently at head-quarters instead of as formerly 
taking charge of one of the detachments, 


The secondary triangulation was initiated in 1908. The object aimed at 
was to give more frequent checks to the minor triangulation than were 


be re-triangulated. The ideal system would be to run secondary series alone 
parallels one degree apart, closing them on principal meridional series two 
degrees apart. For the present it must however suffice to run these longitudinal 
secondary series according to the requirements of the topographical work ee: 
commencement is to be made during the coming season in the Southern and 
Eastern Circles by running secondary series along parallels 12°, 19°, and 23°. 


The secondary stations have been made square in section in order to dis- 


tinguish them from principal stations, and they will be placed at distances from 
10 to 20 miles apart. 


When possible opaque signals will be employed, and in order to facilitate 
' the pole being maintained in a perpendicular position, a hollow core, from 4 tu 
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6 inches in diameter and 1 foot deep, will be left in the centre of the pillar in 
which the signal post wil] be inserted and supported by wooden struts. There 
will be a markstone wilh the usual © at the base of this core. Should it be 
necessary to use a heliotrope or theodolite at any of these stations, it would be 
sufficiently accurate for topographical work to centre the heliotrope over the 
centre of the circle formed by the top of the core. 

Of the three principal detachments one under Lieutenant Cardew contin- 
ued the Upper Irrawaddy series in Upper Burma ; the expectation of connect- 
ing this series with the Mandalay meridional series this season has not been 
fulfilled ; but all stations that are likely to be utilized, have been built and 
provisionally fixed, and are available for use for topographical work. The 
actual connection must now be delayed until there is a prospect of the series 
being extended to the north-west to form a junction in Assam with the Indian 
triangulation. As there are some very large triangular errors in the two figures 
included between the sides Kumtung Bum—Léngre Bum and Singleng Bum— 
Kauhto Bum, re-observations of these figures should if possible be undertaken. 
Five of the triangles have an error exceeding 1’’, and in one case it is nearly 3” 
The correspondence relating to the errors has been bound with the computa. 
tions of this season for easy reference, when the continuation of the series is 
undertaken. As the rays at the station Kauhto Bum are grazing ones, it will 
be advisable in a revision to reject this station and build a new one to the 
west of it. Some notes as to the proposed connection with the Mandalay series 
have also been bound with the computations of 1910-11. 

The second principal detachment under Lieutenant King continued the 
Great Salween series in the Southern Shan States. As the work on this series 
has been stopped for the coming season, it should be noted that the best way 
of reaching Kengtung is by rail to Hsipaw and thence by road using mule 
transport. 

The third principal detachment continued the new Kashmir series. 
Lieutenant Bell, who was in charge, had instructions to complete the triangu- 
lation as far as Gilgit only. This entailed observations at four stations and, 
although their average height reaches close on 16,000 feet and he had to de- 
scend to 3,000 feet between his ascents, he accomplished the work in a little 
under six weeks. On completion of the triangulation work, Messrs. Bell and 
Wainright were employed on reconnoitring to the north of Gilgit. 


Their reconnaissances were undertaken for the purpose of selecting a route 
to carry the principal triangulation up to the Pamirs and effect a junction with 
the Russian triangulation. 

The results of their work prove that the extension of the principal work 
to the north will be impossible and that, if the Russian connection is made, it 
will have to be by means of secondary triangulation carried up the Hunza 
valley. 

Of the secondary detachments one under Mr. Collins completed the 
Mawkmai Series in the Southern Shan States. The other two were employed 
in Assam. The one to the west, under Mr, Smith, triangulated through the 
Garo Hills and the other to the east, under Mr. Abdul Hai, extended the Khasi 
HilJs series through the Jaintia Hills. 

During the summer of 1911 Messrs. Collins and Wyatt were employed in 
locating the position and fixing the height of the peak Teram Kangri which 
was thought by Dr. Longstaff to be an exceptionally high peak. 
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A description of the detail work of each detachment is given below : — 


Abstract of work done. 


TriawecLa- 
TION, 


; 3 
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a s Triangular vacate minus 
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for 10 tri- 
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5 for 9 tri- 
Bi | angles. 
( 1I— Kashmir 680 0”-606 
for 8 tri- 
angles, 
V —-Mawkmai e 500 2” 44 eee . ose 
for 8 tri- 
‘ angles. 
3 VI—Giro Hills . 703 1°-67 
for 6 tri- 
F angles. 
VII—Jaintig Hills 473 17-36 
for 23 tri- 
angles. 


Detatrs or PRINCIPAL TRIANGULATION. 

I.— Upper Irrawaddy Series.—This detachment, under Lieutenant Cardew, 
arrived in Myitkyina on the 30th October 1910, After a week’s halt spent in 
making preparations Lieutenant Cardew crossed to the east bank of the 
Irrawaddy and reached Matu Bun, his first station, on November 16th. 

At the second station Singleng Bum, some difficulty was experienced in 
building a station on this hill, as the highest point consisted of a large rock, on 
the top of which there was not sufficient room to pitch the observatory tent. 
Eventually, the station pillar was built on the highest point of the rock and a 
wooden platform was constructed round it. 

At the next station Marau Bum, the ray to Kauhto Bum was a grazing 
one. In order to improve it the signal Kauhto Bum was raised by erecting a 
wooden trestle 15 feet high and placing the lamp on the top of it. 

Bumdaw Bum, the seventh station was reached on the 4th of March. 
This was to have formed the north-west corner of the figure by which a junc- 
tion was to be made with the Mandalay Meridional series. However, Mr. Abdul 
Karim on visiting Taungthonlon, one of the M andalay series stations, 
found that pagodas had been erected to the north of the station effectually 
blocking out the ray to Bumdaw. As the question of demolishing these pagodas 
had to be referred to the Civil authorities, the completion of the junction of the 
two series had to be postponed to a future season. 

No. III 12” Micrometer theodolite by Troughton and Simms was used for 
al] observations. 

Il.—The Great Salween Series.—This detachment under Lieutenant 
King, R.E., arrived at Thazi on the 2Ist October. 
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‘ The march to Loi Lung, the station where Captain Browne had ceased 
operations in 1908-09, was made vid Taunggyi and Takaw and occupied six 
weeks. Along the route lamp squads were detached to occupy the stations to 
the west of Loi Lung. 

On the 14th of February, Lieutenant King arrived at the fifth station Loi 
Hsam Hsum. From this time onwards, great difficulty was experienced owing 
to the haze which had set in. 

Escorts were required for all work east of the Salween River and these 
were supplied by the Officer Commanding Military Police at Loimwe. 

No. II 12” Micrometer theodolite by Troughton and Simms was used 
throughout the work. 

IT1.—The Kashmir Series.—The detachment assembled at Rawalpindi on 
the 27th of April 1911 and then marched to Baramila, from thence proceeding 
to Bandipur by boat. Lieutenant Bell, who was in charge of the work, made 
Bandipur the head-quarters of his office. As it would have been difficult to 
obtain sufficient local transport, the Kashmir authorities had been asked to 
obtain Balti coolies from Skardu ; 70 of these were assembled at Bandipur and 
50 more met Mr. Wainwright in Gilgit. 

Lieutenant Bell left Bandipur on 21st May and marched vid Handwara and 
the Ladarwan pass into the Kishenganga Valley and then on to Rutha Pahar, 
snow lying there as low as 8,000 feet. As the hill is 14,800 feet high, great 
difficulty was experienced in establishing the lamp-squad on it. Chatiwala 
H. 8. was the next objective and after placing the lamp-squad on this hill 
Lieutenant Bell proceeded vid Niat to Liowi H. 8., his first observation station. 


Last year’s report accounted for operations up to the end of August 1910; 
during September and October both forward and back observations were obtain- 
ed at Rutha Pahar and the forward rays from Chatiwala were observed. These 
latter, owing to the difficulty of getting the 12” theodolite to the top of the hill, 
were observed with an 8” micrometer theodolite. At the time, it appeared that 
the 8” theodolite would have to be used at other forward stations but so far, the 
12” theodolite has been carried tothe tops of all the other stations and it is a 
matter for regret that the continuity of the work with this instrument has been 
broken by the work at Chatiwala. 

Liowi, which is 17,480 feet hich, is so far the highest station of the series. 
After establishing a base camp at 13,000 feet on June 12th, Lieutenant Bell 
reached the top the next day and commenced observations the same evening. 
The thermometer at this station showed a minimum temperature of 20 degrees 
Fahrenheit, and the strain of observing in this temperature and at this altitude 
was considerable. 

Owing to bad weather the observations were not completed till the 21st 
June. The descent of the hill was made the same day and Zinghi Shish, the next 
station, was reached on the 23rd June. A few angles were observed the same 
day and then snow fell continuously till the 28th. The observations were how- 
ever completed on the 22nd July. The portable lightning conductor, which 
was erected over the observatory tent was struck on one occasion at this station. 
On the way to Chamuri, the next station, a severe earthquake shock was ex- 
perienced at Girie, in the Indus valley, causing a cliff close by to be precipitated 
into the river. Asa contrast to the extreme cold so lately expcrienced on the 
hills, the heat in the Indus Valley was so great that marching was only possible 
in the early morning and late evening. Chamuri was reached on the 8th July 
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and observations were at once commenced and with a slight interruption by 
snow on the 11th, were carried on uninterruptedly up to the 12th. On that day, 
the observations were completed and the descent to the base camp made. The 
detachment then marched vid Damot and the Pahote Nala to Gashu Shisb, 
arriving there on the 19th July. Up tothe 23rd, cloudy and snowy weather 
were experienced during the day, though the nights were clear, rendering obser- 
vations to lamps possible. The work was completed on the 26th. This con- 
cluded the programme of triangulation operations for the season, and Lieute- 
nant Bell arrived at Gilgit with his detachment on the 28th July. 

Mr. Wainright, who had been employed on building the forward stations 
of Bijhoo (on the slopes of Dubanni) and Dinaur, met Lieutenant Bell 
in Gilgit. 

On the Ist August nearly all the khalasis under Babu Mahesha Nand started 
on their return journey to India. Lieutenant Bell. and Mr, Wainright started 
the same day to carry out, respectively, reconnaissances of the Sakiz Jarab range 
and the Hunza valley with a view to the triangulation being carried by one of 
these routes to a junction with the Russian Triangulation. After completing 
their reconnaissances the two officers returned to Mussoorie arriving there on 
the 5th October. | 

IV.—Revtsion of Heights on the Great Arc Meridional Series.—It 
having been decided that a revision of the heights on this series south of parallel 
24° was necessary, the work was entrusted to Mr. Bidhu Bhusan Shome. 

The detachment arrived at the south end of the Sironj base line on the 
20th January 1911 and observations were immediately started. 

Observations were carried out at 12 principal stations and the heights of 
1U old stations were revised. The revised heights are in all cases less than the 
old heights, the differences varying from 3 to 7 feet. 

Three stations, which were found to have been destroyed, were rebuilt. 


DETAILS OF SECONDARY TRIANGULATION. 


V.~—The Maickmai Sertes.—The detachment under Mr. Collins arrived at 
Pyinmana on the 21st October 1910. Mr. Collins left the detachment to march 
to Loi-Kaw and, himself, proceeded to Taunggyi to interview the Superinten- 
dent, Southern Shan States, and rejoined his detachment at Loi-Kaw. 

Mr, Collins first visited Suletaung H. 8. to observe the angles left unobsery- 
ed the previous season ; he was however unsuccessful in calling up the heliotrop- 
ers posted at the stations Letpathaung and Le-Hpa-Antaung, and had to give 
up the observations of these stations; the work was carried out later in the 
season by Mr. Gopalachari, who was detached from the base line detachment 
for that purpose. 

Mr. Collins then proceeded to fill in the gap in the series between the sides 
Loi-Mé-té-yam—Loi Ungson and Loi Mawng—Loi Kang Mong. On comple- 
tion of this Mr. Collins proceeded to the eastern extremity of the series and 
joined up the series with the side Loi Pakhan~Loi Tum of the Monghsat 
serics. 

An adjustment of the Mawkmai series triangulation between the Mandalay 
and Monghsat series has not been made, as the average triangular error of the 
latter series is greater than that of the Mawkmaiseries, The average triangular 
error of the Monghsat series is given in Annual Report of 1892-93 as 1”°9, 
whereas, if the computations are consulted, it will be found to exceed 8”. 
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VI.—The Garo Hills Series.—This detachment under Mr. Smith arrived 
in Dhubri on the 14th October 1910. 

The series emanates from the side Samding—Rangira of the Brahmaputra 
meridional series, and running east, was to make a junction with the Khasi 
Hills series which had been observed in the previous season. It was hoped that 
the junction would give further data as to the amount of movement of the sta- 
tions of the Eastern Frontier Series caused by the earthquake in 1897. Unfor. 
tunately Mr. Smith had to close work without effecting the junction. 

Great delay was experienced in commencing observation work owing to 
Mr. Norman, who was detailed to build the advanced stations, falling ill. 
Mr. Smith had therefore to build the first few stations himself and then return 
and observe at them. 

Mr. Smith commenced observations at Samding on the 8th January. 

At the succeeding stations frequent delays were caused by the inclement 
~ weather, and towards the end of April nearly the whole of the detachment were 
ill with fever. Mr. Smith struggled on in the attempt to complete the junction 
with the Khasi Hills series, but owing to the sickness and continued bad 
weather, he was obliged to give up the attempt. 

A gap of some 20 miles between the two series consequently remains 
unobserved and this should be-observed at the earliest opportunity. 

VII—The Jaintia Hiils Series —Mr. Abdul Hai, who was in charge of 
this detachment, was employed during the hot weather in work in Kashmir, 
so that the detachment did not arrive at Gauhati till November 18th, 1910, 

The series was an extension to the east of the Khasi Hills series, and as the 
stations had been built in season 1909-10, Mr. Abdul Hai had only the obsery- 
ing work to do. 

The series is based on the side Laidera— Dinghei of the Eastern Frontier 
meridional series and extends along parallel 25° 30° from meridian 91° 50’ to 
meridian 93°. Up to the Kapili river, the country consists of hills covered 
with trees from 80 to 100 feet high; after this, dense bamboo jungle is 


encountered. 


TRIANGULATION TO FIX THE POSITION AND HEIGHT OF TERAM KANGRI. 


Dr. Longstaff, in his explorations in Kashmir in 1909, discovered what he 
considered to be a very high peak ; he located this peak approximately in lati- 
tude 35° 38’ 30” and in longitude 77° 7’ 30°. 

A detachment under Mr. Collins was sent to Leh with instructions to see 
if the peak was visible from any of Montgomerie’s stations in that neighbour- 
hood ; and if not, to run a short series of triangulation, northwards, based on a 
side of Montgomerie’s series until the peak became visible. 

Mr. Collins arrived in Leh early in June and proceeded to visit the sta- 
tions Taydr and Arzi of Montgomerie’s series, while Mr. Wyatt went to 
Pachuspha, Himis, Parchakanri and Lasirmau, but neither officer succeeded in 
obtaining a view of Teram Kangri. Mr. Collins consequently decided to make 
a reconnaissance up the Nubra Valley, leaving Mr. Wyatt to bring up the trian- 
gulation. 

Mr. Collins first attempted to climb Skanpuk H. 8., 20,288 feet, but owing 
to recent falls of heavy snow, he could not reach the top, though later in the 


season, he made the ascent and took observations from it. He then proceeded 
a 2 


- 
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up the Nubra Valley, visiting peaks on both sides of the river. The first sight 
of Teram Kangri was obtained from Wasak station,“and observations were 
later on obtained from Ningstet, Strongstet and Tiggur. The distances of these 
stations from Teram Kangri vary from 39 to 69 miles. 

The work has been finally based on Skanpuk— Peak 3 (Shyok Watershed) — 
See Synoptical Volume VII. These two peaks are intersected points of trian- 
eulation executed in the year 1861. It is unfortunate that the triangulation 
could not be based on Montgomerie’s series but, owing to Peak 8 being in- 
accessible and the intersections to it having been made by two separate obser- 
vers, it has been thought better to accept the old values for that peak, rather 
than that obtained from the present triangulation. If possible, Mr. Collins 
will close his work on Montgomerie’s series next year. The work is sufficiently 
accurate to establish without doubt the position and height of Teram Kaneri. 

The position of Teram Kangri computed from Mr. Collins’ observations is 
Latitude 35° 84 37”, Longitude 77° 07’ 31” and its mean height 24,489 feet, 
using a coetiicient of refraction of 0°035. 

The following are the results of the heights obtained from the vertical 
angles taken from the four stations of observation :— 


feet. 
From Ningstet ; : ; ; ‘ : ‘ 24,473 
» liggur .« : ; , : ; ; ; 24,544 
» Strongstet : ; ; . ‘ ‘ ; ; 24,442 
» Wasak . : ‘ ; é ; : , ‘ 24,496 
: Mean - 2 ° 24,459 


In executing the work Mr. Collins climbed to the top of 16 peaks of over 
19,000 feet and Mr. Wyatt climbed 7 peaks of over 19,000 feet. 


BASE-LINE RECONNAISSANCE. 


The detachinent arrived in Myitkynaon the 28th October 1910, but 
Mr. McInnes, who was in charge of the work, did not arrive till the 7th Noy- 
ember, having been employed on work in Kashmir during the hot weather. 

On the 12th November Mr. McInnes commenced reconnoitring the 
surrounding plain, but owing to the numerous large swamps no suitable site 
could be found. 

On the 1st December the detachment moved on to Bhamo and a site was 
finally selected between the Taping Chaung and the Mole Chaung. 

The length of the line selected is about 8 miles. The forest has been 
cleared along the line to a width of 10 feet and pillars 1} feet square and 1 foot 
high, have been built along the line atintervalsof about1 mile. A dot on the 
top of each pillar marks the actual line. The pillars are so placed that from 
each of the intermediate pillars at least one forward and one back pillar is 
visible. The ends as at present situated are not intervisible. The line can 
easily be connected to the surrounding principal triangulation. 

On the completion of the work at Bhamo, Mr. Gopalachari, who had assist- 
ed. Mr. McInnes, proceeded to the Southern Shan States to carry out cbserva- 
tions at a station on the Mawkmai series which had unavoidably been omitted. 
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Mr. McInnes, with the other half of the detachment, proceeded to Toungoo 
on the 21st February and after reconnoitring the country there, went on to 


Prome. | 
At Prome he selected a line about 18 miles long and prepared it in the same 


manner as that at Bhamo. The ends of this line, as set out, are intervisible. 

It is probable that the line prepared at Bhamo will not be suitable, and a 
further reconnaissance in Upper Burma will have to be made to select a more 
favourable site. 


. 


Inpo-RvUssIAN TRIANGULATION. 


The question of the connection of the Indian and Russian triangulation 
was first discussed at the International Geodetic Conference sitting in London 
in the year 1909, The route suggested for the connection was through 
Kashmir and the Russian Padmirs. The actual request for the work to be 
initiated by Indian triangulators was not received by the Surveyor General of 
India until the early part of the year 1911. 

On the Russian side, the work of bringing their triangulation south was 
commenced in June 1910 by Lieutenant-Colonel Tchekine from the base 
Ourtak-Tchoucour—Machali-Goudour, approximately in latitude 39°33’ situated 
on the northern slope of the Trans-Alai chain of mountains. During 1910, 
he carried his triangulation down to the Pamir post, approximately to latitude 
38°13’. During the summer of 1911, the triangulation has been extended to 
the Russian frontier, and two stations Beyik, 15,078 feet, approximate lati- 
tude 87°18’, approximate longitude 75°7' and Taghramansu, approximate lati- 
tude 37°16’, approximate longitude 74°54’, have been fixed; it now remains 
for the Indian triangulators to close their work on these two stations. 

Owing to the necessity of first making a reconnaissance towards the - 
Pamirs, the work on the actual Kashmir principal triangulation was curtailed 
during 1911 but nevertheless, Lieutenant Bell has extended the work north- 
wards to just south of parallel 36°. 

The Surveyor General bad asked that Concord Peak and Salisbury Peak 
on the Russo-Afghan Frontier might be fixed by the Russian _triangulators, so 
that they might be observed from stations selected on the Sakiz Jarab range. 
Lieutenant Bell, however, reports in his reconnaissance that the peaks of the 
Sakiz Jarab range are inaccessible, and on the Russian side a report has been 
received that Concord Peak, owing to the view to the south being entirely shut 
off by higher ranges, is unsuitable. This being the case this method of forming 
the junction of the two triangulations has been abandoned. 

Mr. Wainright who made a reconnaissance up the Hunza Valley reports 
that it will be possible by means of short-sided triangles to carry the triangula- 
tion from parallel 36° up the Hunza Valley to the Kilik Pass. The two most 
northerly stations suggested by General Lieutenant Pomerantzeff (of the 
Russian General Staff) for the Indian triangulators, are the Kilik pass 15,600 
feet, approximate latitude 37°5', approximate. longitude 74°13’ and the 
Mintaka pass, 15,430 feet, approximate latitude 37°2’, approximate longitude 
74°57’. Judging from the work carried out by Mr. Wainright, there should 
be no difficulty in bringing the Indian triangulation up to these stations. 

The Indian triangulation up to parallel 36° is of the highest degree of 
accuracy; all stations, with the exception of the forward rays at one, having 
been observed with a 12” micrometer theodolite. In carrying it on up tho 
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Hunza Valley the sides of the triangles will have to be considerably shortened 
end the work will probably have to be done with an 8” micrometer theodolite 
and the accuracy of the work considerably reduced. Observations will be taken 
on six zeros with four measures on each zero, and whether luminous or opaque 
- signals are used in the work, the assurance can be given that the work will be 
of the very best secondary class, and will equal in quality that of the Russian 
triangulation, as extended from their base north of the Trans-Alai Mountains. 
The question arises, will this secondary work be of sufficient geodetic value 
o satisfy the International Geodetic Conference, and if not, is there any possibi- 
lity of making a better connection between the Russian and Indian triangula- 
tions. Afghanistan extending all along the North-West Frontier of India 
presents at present an impassable barrier. We have therefore to turn to the far 
western corner, where the Indian triangulation extends to the Persian frontier. 
By carrying the triangulation over this frontier along parallel 29°, it might be 
brought to a point south of the Russian Caspian triangulation, and it would be 
a simple matter, provided the country is favourable, for the Russians to run a 
series due south to meet this proposed western extension of the Indian triangu- 
lation. 


REPORT OF RECONNAISSANCE FOR THE PROPOSED CONNECTION WITH RwvssSIA. 


By Lieut. H. G. Beut, B.E. 

The Darkot pass was first visited by way of the Yasin Valley, with a view 
to examining the peaks in its vicinity. The pass itself consists of a formidable 
glacier much intersected by crevasses and is only passable early in the morning. 
It was hoped that peak 19,369 feet, west of the pass, might prove suitable for a 
station ; but it was found to be quite inaccessible for survey purposes. The 
surrounding and lower peaks, in addition to being practically inaccessible, 
would have been useless owing to higher and inaccessible peaks to the south 
and south-east. 

From Darkot, the valley leading to Garmush 20,564 feet was visited ; all the 
valleys leading to the foot of this mountain are blocked by dangerous glaciers, 
and the slopes of the mountain are so precipitous that the snow does not remain 
on them, hence it was considered impracticable for a station. Then the Darkot- 
Askuman Pass was crossed and a peak to the south ascended and a further 
view of the Garmush and other peaks of the Sakiz Jarab range obtained. The 
whole range consists of nothing but extremely sharp and precipitous peaks, 
while south of it between the Yasin and Karumbar Valleys there are many 
high peaks unmarked on the existing map. 

Since the physical features of the country made it impossible to select 
suitable stations for a principal series east of the Darkot Pass, a move was 
made to the Karumbar Valley in the hopes of being able to find a way through 
in this direction. The valley is wide and bordered by moderately high and 
accessible peaks as far as Imit or Harmat, but from here northwards, the valley 
closes in and the mountains rise precipitously from the river bed ; there is 
no way along the western bank and progress in that direction is further barred 
by a landslip which discharges rocks and earth into the river night and day. 
It was impossible at the time of year to penetrate further up the valley than 
the Karumbar glacier, for the road which crosses and re-crosses the river was 
impassable owing to the river being in flood. However, as the whole valley had 
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not been reconnoitred, it was decided to make a second attempt when the river 
subsided ; in the meanwhile news was received that a feasible route had been 
found up the Hunza river, so as it was getting late in the season, further recon- 
naissance was abandoned. 


Hunza VALLEY RECONNAISSANCE. 
By Me. V. P. WarnricHrt. 


Owing to the high and inaccessible peaks that border the valley on either 
side, it was found necessary to keep as close as possible to the main water- 
course ; the whole length of the river was thus followed from Gilgit to the 
Kilik pass, approximately 170 miles. 

The base at the pass was first selected from where the view was extensive, 
especially northwards towards Russia, where peaks 150 miles off were visible. 
This part being uninhabited except for shepherds, it was impossible to obtain 
coolies, and consequently the next four stations were not visited ; but being 
prominent peaks were fixed from surrounding stations. Owing to this difficulty 
it would be advisable not to follow the Hunza river further than Misgar, 
the last village met with on the Gilgit-Pamir route, but continue up the 
Khungarah river towards the Kharchanai pass, which appeared to be easy 
country in comparison to that between Misgar and the Kilik pass. 

All the peaks that have been fixed are easy and lie between 8,000 and 
17,000 feet. The two highest being those of the Kilik base. 

The road between Hunza and Misgar is extremely bad and it would be 
practically impossible to take any large instrument along it ; the worst bit is 
between Attabad and Gulmit where sheer cliffs have to be crossed on wooden 
beams placed along the face of cliffs and supported by iron pegs driven into the 
rock. 
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PART IV.—TIDAL OPERATIONS. 


No. 16 PARTY. 
(Vide Index map 10). 
By Masor J. M. Burn, R.E. 
During the past year tidal registrations by self-registering tide-gauges 
PaasouwET. were recorded at the ports of Aden, 
Imperial Officers. Karachi, Apollo Bandar (Bombay), 
Mr. C. F. Erskine, in charge up to 14th Octo- Pryince’s Dock (Bombay), Madras, Kid- 


ber 1910, 


- Major J. M. Burn, R.E., in charge from 15th derpore, Rangoon, Moulmein and Port 
to 26th October 1910, and again from 27th Nov- 


ember 1910. Blair. In addition, tide-pole readings of 
Provincial Officers. high and low water were taken during 

bo Ne ee in Cratee from 27th October daylight at the ports of Bhavnagar, Akyab 
Mr. Syed Zille Hasnain. and Chittagong, with the object of com- 


paring the actual times and heights with the predictions. From lst January 
1911 the tide-pole readings at the port of Chittagong were discontinued, and 
in their place the readings of the diagrams recorded on a small self-registering 
tide-gauge erected by the port authorities have been utilised. 

All the observations were made under the direction of this department 
and under the immediate control of the Port Officers concerned. 

The reduction by harmonic analysis of the observations for 1910 of the 9 
stations named above has been completed. The tide-tables for 1912 have arriv- 
ed in India and have been distributed. The work of publication of the tide- 
tables for 40 ports for the year 1914 isin progress in England. Data for these 
predictions were despatched from this office in January 1911. 


List oF TrpaL STATIONS. 


The following table gives a list of the 42 ports at which tidal observations 
have been registered, together with the periods of observation from 1874, 
when tidal operations were commenced, up to the present time. The stations 
shown in italics are permanent; the others are minor stations which were 
closed on the completion of the requisite registrations. 


Date of Naat 
Serial Automatic oommenoe- Date of a oF 
No. Stations. or personal ment of clo-ing of p F paid . REMARES, 
observations, observa- observations. | ° 3 Serre 
tions. ee 
1 | Suez : ‘ .' Automatic . 1897 1903 
2|Perim . : .| Ditto ‘ 1898 1902 
3 | Aden .- . .| Ditto : 1879 Still working 
4 |Maskat . . -| Ditto : 1893 1898 
6 | Bushire . . .| Ditto . 1892 3 1901 
‘  6| Karachi . «| Ditto .| 1868 1880 13) twat 
1831 Still working 31 a 
7 | Hanstal . ‘ .| Ditto : 1874 18765 1 Tide-Tables not pub- 
lished. 
8 | Navana ® -| Ditto : 1874 1875 1 Ditto. 
9 | Okha& Point . | Ditto : 1874 1876 1 
Re-started 2 | Yoar 1904-05 is ex. 
1904 1906 1 cluded. 


10 | Porbandar m .| Personal . 1893 1894 2 
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Serial 
N 


Stations. 


10d 
1 


11A 


12 
13 


1 


= 


peo 


28 


30 
31 
32 


} 


38 
: 


4) 


4] 
42 


Porbandar 


Port Albert Victor 
(Kathidwér). 


Port Albert Victor 
(Kathiawar), 


Bhavnagar ‘ 


Bombay {A pollo 
Bandar). 


Bombay (Prince's 
Dock). 


Marmagao (Goa) 


Karwar . 

Beypore 

Cochin . , 
Tuticorin . : 
Minicoy . ° : 


Galle. ° : 
Colombo ‘ 
Trincomalee , 
Pamban Pass . ; 
Negapatam 

Madras 


Cocanada : 
Vizagayatam 

False Point . 
Dublat (Sagar Island) 
Diamond Harbour . 
Kidderpore . 
Chittagong. ; 
Akyab . 

Diamond Island 
Bassein (Burma) 


Elephant Point 


Rangoon , ‘ 
Amherst of 


Moul mein ° e 


Mergui e e e 
Port Blair .. . 


Automatic 
or personal 


observations. 


Personal 


. | Automatic . 


Automatic . 


Ditto 
Ditto 


Ditto 


Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Ditto 
Ditto 
Ditto 


Ditto 
Ditto 


Date of 


comm ence- 


ment of 
obsorva- 
tions. 


1883 


1884 
1878 
1878 
1886 
1888 
1891 
1884 
1884 
1890 
1878 
1881 
1880 
Re-started 
1895 
1886 
1879 
1881 
1881 
1881 
1881 
1886 
1837 
1895 
1902 
1880 
Re-started 
1884 


188U 
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Number 
Date of 
closing of aoe oe. 
observations. atiuns. 
1902 2 
1882 1 
1903 4 
1894 5 


Still working 33 
Still working 23 


1889 6 
1883 5 
1884 6 
1892 6 
1893 5 
1896 5 
1890 6 
1890 6 
1896 6 
1882 4 
1888 5 
1890 | " 
26 
Still working 16 

1891 5 
1&85 6 
1885 4 
1886 5 
1886 5 
Still working 30 
1891 5 
1892 i) 
1899 5 
1903 2 

1881 
5 

1888 


Still working 31 


1886 6 
1886 6 
8 
Still working 2 
1894 5 


Still working 31 
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REMARKS. 


Years 1898, 1899 and 
1902 are excluded. 


Property of Port 
Trust. 


Years 1883-1834, 1885 
are excluded. 


Year 1880-81 is ex- 
cluded. 
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WORKING OF THE OBSERVATORIES. 


The nine tidal observatorics now working were inspected during the year 
by Mr. Syed Zille Hasnain. - | 

Aden.—As mentioned in last year’s report the communication hole 
at the bottom of the float cylinder had become too large. It was therefore 
removed during this year’s inspection, and a new cylinder which was made by 
the Port Engineer was fixed in its place. The tide-gauge was found to have 
worked satisfactorily since the last inspection. It was thoroughly cleaned and 
overhauled. 

Karachi.—This observatery was found in good order. The communi- 
cation hole at the bottom of the cylinder was partially blocked by barnacles. 
It was thoroughly cleaned and the tide-gauge was overhauled and left in work- 
ing order. There have been nv breaks in the tidal registrations during the 
year. 7 

Apollo Bandar (Bombay).—This observatory has worked well through 
out the year. There was one minor interruption in the registration of the tide- 
gauge. | 

Prince’s Dock (Bombay).—There have been a few short interruptions 
in the registration of the tide-gauge at this observatory owing to the pencil 
wire breaking. 

Madras.—As the sluice at the bottom of the well of this observatory 
through which communication between the sca and the well is regulated had 
not been working satisfactorily for the past two years, steps were taken during 
this year’s inspection to have it removed and replaced by a new one. This 
work took some days, and the registrations of the tide-gauge were consequently 
stopped from the 10th to the 21st February 1911. Opportunity was also taken- 
to have the well thoroughly cleaned and repaired. With the exception of the 
above break, there have been no interruptions in the tidal registrations during 
the year. The old entrance to the harbour which was immediately south of the 
observatory has now been closed, and a new entrance has been made in the 
north arm of the harbour. : 

Kidderpore.—The tide-gauge at this observatory has worked well 
throughout the year. There was only one interruption of a few hours in tho 
registrations owing to the stoppage of the driving clock. The inspecting officer 
found that a good deal of mud had collected near the bottom of the cylinder 
which was likely to interfere with free communication between the sea and the 
cylinder. The matter having been brought to the notice of the Deputy Conscr- 
vator of the Port, the necessary dredging was carried out. 

Rangoon.—There have been no breaks in the registrations of the tide-gauge 
at this observatory during the year. The tide-gauge and the auxiliary instru- 
ments were thoroughly cleaned and put in order. 

Moulmein.—The tide-gauge at this observatory has worked well during the 
year, except for a few minor interruptions in its registrations owing to the 
stoppage of the driving clock. The inspecting officer found the graduated staff 
inaccurately divided. It was therefore removed and a new graduated staff was 
prepared and fixed in place of the old one. 

Port Blair.—There has been only one interruption of a few hours in the 
registrations of the tide-gauge at this observatory owing to the stoppage of the 
driving clock. During the inspection the zero of the graduated staff was found 
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to differ by 0°1 of a foot from the zero of the tide-gauge. The staff was removed 
and refixed in its proper position so that its zero is now identical with the zero 
of the gauge. 


TIDAL DIAGBAMS AND DAILY BEPORTS. 


The tidal diagrams and daily reports have been submitted regularly to the 
office of this party by the various port officials concerned. 


TIDAL CONSTANTS, 


The tidal observations at the nine working stations for the year 1910 have 
been reduced, and the tabulated values of the tidal constants thus determined 
are appended. There are no arrears, 

The following tables give the amplitudes (R)-and the ‘epochs (%) deduced 
from the 1910, observations at the various stations; they also give the values. 
of H and « which are connected with R and¢ in sucha way, through the 
various astronomical quantities involved in the positions of the sun and moon, 
that if the tidal observations were consistent from ycar to year H and « 
would come out the same from each year’s reductions. 
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Apey, 1910. 


Short Period Tides. 


A,=5'836 feet. 


g H = R= 095 R= ‘007 R= °139 R = "049 
Un =f =| 178°73 M Y =| 329°20 Q ¢ = 1382°69 T % =| 290°°68 
g H = R= "685 6) H = "007 ) H= "125 —) = ‘049 
{ Ka (=| 241°-96 « =/311°63 _w« =| 45°36 «x =| 291°-94 
S H= R= 002 R = 001 R= °017 R= 010 
£U « = 0 =| 262° 88 C=} 74°75 C =| 44°°53 MS ¢ =| 246°41 
g fH=R=|  -004 Mey =| ool} bsp =| 022 | Ss) =] 010 
6U « = & =| 211°:19 «=| 291932 wx =| 219°-95 wx =} 120°55 
S {a = R= ‘001 R = 728 R= 417 R= “007 
8 = ¢ =| 128°-66 =| 343°°-0-+4 =| 128°74 =| 300° 51 
: > 0, H = °65392 N, fi = 4239 est = "007 

«=| 36°60 Ke ae| 221°-99 xe=| 66°:37 

R= 076 R=! 1°397 R= an R= ‘079 

Z ==! 28°12 y =|{ 210°:38 t= se t =|: 221929 
MoH=| 039) oH=| 1302] *)H=l 1 *NsdH =| -080 

K 78°°29 az| 38°77 c= wale «x =| 178° 64 

R=| 1°515 R= 226 R= "108 R= "008 

Y =| 351%27 Y =| 53°72 %Y =| 300°: 04 Y =| 247°:09 

Msg =| isso) Keppel iol] 2) =) 110 | 2N)s9 =] 008 

k =| 225° 41 «=| 239°:°92 «=| 191°°01 wz 214°°49 

: R= 016 R= ‘4.20 R= ‘069 R= 015 
={ 201°°94 = | 228°°50 =| 64°°76 =| 37°33 

Mat ole] Piyazcl 420] #24 Hal 072 | O84 HO] ols 
— 193°°16 c= 33°37 c= 173°°05 a 94°°87 

R= "006 R= ‘081 R= R= 004 

=} 160°°91 =| 66°-02 = =| 54°64 

M, H =| -o06| % ti =| -073| Bas H 7 GMEids H =| "004 

« =| 269°°19 we a=| 27°50 c= wx =| 339°°58 


Long Period Tides. 


Lunar Monthly Tide ; : 023 263°°46 025 44°°35 


» Fortnightly ,, = «@ 075 69°57 059 16°59 
Luni-Solar __,, . , : 009 836° 15 *009 102°-00 
Solar-Annual ‘ ; ‘ ; 309 83°65 809 5°78 
» Semi-Annual _,, . , ‘ 086 281°73 "086 122°-00 
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Karacar, 3910. 


Short Pertod Tedes. 


A, = 7233 feet. 


1U «= % =|} 188°-94 M {=| 225° 61 Q ¢ =| 142°-58 T ( ¢ =} 10°68 
S H = R= 973 6) H= "047 l)H = °]28 | H = °0S7 
Sle = % =] 822°68 Ke =| 212° 52 «=| 57°59 x =| 12°-00 
S H=R= 01] R = 005 R = 033 R= 035 
an a 2 — i a — 4°12 C= 81°-87 {= 103°°95 C= 83°18 
5 fH=R=| 007] Ms ‘i | 006 “| =| -040)| MS)4 =] -036 
6l nea (= 817°°29 kw! 254°°4) Kk =| 280° 07 x =| 818°77 
Ss So = ae 0. J f= 352°38 vn.J5= 185°:40 QSM P =| 333°67 
ijH=| 662) Ney H=! 619 eur =| “011 
«=| 47°50 «x =| 2809-94 x =} 98°04 
R= ‘090 R = 1:430 R= - R= "115 
Y=] 36°56 ¥ =| 223°°06 (= es if ==} 295°°35 
Msn=| -oi¢6| 4H =| 1-333] *7HAl  .. 2Nex ry =| +118 
«=| 82°48 «=| 46°39 K | ane ( « =| 2509-79 
R= 2:586 R = 315 R = ; 163 R= 019 
Y =] 58°83 ¢ =| 184°56 ¢ =| 353°°75 ¢ =| 27°°82 
M, H _— 2°590 K, H = 266 Y2 H = "166 (M,N), H = -020 
Kk zz!) 294°°46 wx =:| 320°°64 cx =| 246°91 x =} 858°99 
R= "035 R = Bh R = : re R= 013 
t=] 352°-30 6 =| 235°°40 ¢ =| 130°-9 ¢ =| 5182 
Mey —| ose) &®JH=| 409] “7H =| 073; E54 | ols 
c= 845°°76 c= 45°32 c= 9429-19 c= 110°-79 
- =| e0e-10 ; : = s2°-84 = pal ee ; as | auae 
syH=| 015] 2 7H=| -069/ “J H= , [SEs Fe} 028 
ne =| 319°-37 x =| 43°26 K = ‘ re =| 852°-20 
Long Pertod Tides. 
Ps 
Lunar Monthly Tide ; 279°-07 
” Fortnightly ” ‘ 2 ; 75°51 20° 9] 
Luni-Solar _,, ‘ij m ‘ 856°°48 120°-79 
Solar-A nnual ry) ° ° e 168%26 88°38 
Semi-Annual _e,, ‘ , 829°R85 170°-00 
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BomsBay (Apotto Banpar), 1910. 
Short Pertod Tsdes. 
A,=10 204 feet 

g =R= 062 R= 016 R= °139 R= "163 
1U «=f =| 196778] 4, ) ¢=| 26°57] Q } ¢ =| 145718 ar) 6 =| 44°97 
5 fH=R=| 1555] MOH =| 017) MHS) 125 sJsH=| -163 
UL w« = l=} 2°30 x =| 14°66 «=| 60°82 «=| 46°31 
5 fH=R=| 014 R=| 009 R=| -016 =| 085 
4$U ee ¢ =| 251°31 % =| 114°°57 ¢ =| 332°-77 =| 146°°35 
5 fH=R=| 002 wi =| 010] Mey r=} -019 | (MSh5 =| cose 
6 «=f =| 190°31 =} 838°-70 « =| 149°-07 =| 22°38 
5 fH=B=| 002 R=| -721 R=|  -949 =| -036 
8U « =f =| 115°°46 % =| 852°°78 | % =| 218°37 =| 334°00 
Osna| 643 | Ney eal -969 [PSMe5 Fy =| 037 

- eal 48°38) «x =| 314°°52 =| 97°97 

R= 094 R= 1-496 R= er R= 118 

y =| 35°39 % =| 221°68 {= wee Y =| 334956 
Miu! -08] SJH=| 1394] *7HH| 2Nid =| +120 

x we| 81°50 «=| 45°00 k= i, ne =| 290° 82 

R= 8°853 R= 481 R= 24.0 R= 017 

{=| 93°°96 ¢ =| 171°68 % =| 23°08 ¢ =| 240°-91 
Mae} 3:934) Seon =| 407] 8) H=| 245] GN) =! ols 

we =| 829°-99 wx = | 857973 wx =| 276°:82 w =| 213°°09 

=| 074 R=|  -404 R=| 205 R=| 087 

+ =| 23°12 ¢ =| 234°-98 ¢ =! 181°-08 ¢ =| 148°-61 
MsyH=l 076) idm! 404] M2) H =| 214] OES WL] ogg 

=| 17°16 x=| 44°92 » ce} 2938°14 “x =| 207°°96 

R= *082 R= 080 R= pois R = 064 

=| 187° 34 =| 88°64 = =| 185°°07 

M, H =| oss} % Ho 072 | Bs ia (AME) Hi =| -062 

aw =| 299° 41 e=| 49°03 K == vase 2 =| 63°81 


Long Period Tedes. 


Lunar Monthly Tide ‘ ° ° 009 334°°26 010 114°14 
» Fortnightly  ,, , oe 043 | = 73°05 034 ' 18°03 
Luni-Solar __,, ” ° ° O24 | 251994 025 15°91 
Solar-Annual oe . 057 44°04 057 $24°°1@ 
, Semi-Annual _,, ss "185 | 35713 135 | 197%25 
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Bomsay (Prince’s Dock), 1910. 


Short Pertod Tiles. 


A, = 8201 feet. 


S H=R= "085 R= ‘167 

1U «= % =| 190° 85 T Y =| 45°-00 

S H=R=/| = 1°594 *)H= "167 

22 «=f =: 5°58 az! 46°34 

S H= R= 020 rR= “002 R= aoe R= ‘V7 

4 k= 0 = 2189-2] 4 =| 198°°44, 4 = 13 g =| 168°-09 

« fH=R =| 004] Me7 H =| -003 Lys H=| 028 [M809 =] -e0 

“Olas cS 181°°51 «=| 62°56 rc =} 187°-02 ta| 44°°12 

s H=R = “002 R= "785 ‘R= ; ‘068 R= 041 
8 —Y¥ = 0. =| 353°°23 =| 221°°49 =| 352° 

: : re a 0; 8 = . ae Ny )i = ‘989 (25M), ee ar 

ez! 48°76 nf =| 317° 63 «x —| 116°:35 

R "101 R= anes R= Pe R= siete 

% =| 85°00 ¢ =| 222°: —— a C= "12 

Mi4y—| 052) 9H =| 1400] * Hel Ci. °NedH =| 111 

P 81%1] «=| 45°70 CS |. es re c=| 294°°38 

R=| 38°958 R= 497 R= ; 234 Re= : 007 

y =| 96°41 ¢ =| 175°°95 2 =} 23°94 fang yY =| 124°-38 

Mid y=] 4041) 82> H =|} 421] 7H =| -230 [MND =| +008 

ke =| 882°°44 c= 2°-00 x | 276°°67 ce =| 96°56 

R = 077 R= “409 R= 211 R=; ‘091 

=| 28°88 % =! 285°°76 { =| 188°:58 | on ¢ =| 186°°10 

M; Hi -|  o79)hjH=| 4091 "*7H=| 220 | =|  -086 

wc =| 22°68 wea=| 45°70 ne =, 300° 65 =| 195°-45 

R= ‘087 R= Pee R= oe R= "081 

=| 225°°10 C= ‘9 C= - ¢ =| 150°°44 

M.) H-!-0901| 253H=| 07s | #4 HE CME. | -078 

x =! 887° 16 ez, 48°°36 c= az} 79°18 


W 
——— —— 


Lunar Monthly Tide : ° ‘016 265°-64 017 45°58 
» Fortnightly _,, ; ‘ ‘ ‘051 77°07 040 22°04 
Luni-Solar ,, 3 ‘ ; | : ‘041 247°°61 042 11°57 
Solar-Annual ‘5 ’ ; ; 058 50°11 053 380°'17 
»» Semi-Annual _,, ‘ ; 146 $53°°48 146 1938°-60 
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Maparas, 1910. 


Short Pertod Tsdes. 


A, = 2°412 feet. 


>) 
Se) 
— 


S a =R = ’ R = 003 R= "002 R= "028 
"Un = f=; 94°90 M2 2 151°-70 Q =| 11820 m.J § =| 319° 15 
S es =R= 46] ‘),H= 004 1 = "001 *)H= "028 
re = C= 269°°76 «x =| 141930 wx m| 29°63 « =| 820°51 
S H=R= 001 R = 001 R= 017 R= 004 
if c= f= §4.5°-96 M c= 25747 L =| 93°24 (MS C=; 79°29 
sfH=R=} 002] “*)H=| 001] “S7H=| 056 4d =| -004 
GU c= ¢ =| 81°03 ‘c= 128°°61 = 269°°76 k= 315°-82 
S {® =R = ‘001 R= 106 R 933 R= °020 
“Sl «=f =| 23°96 % =| 268°-37 ¢ =| 140°-52 ¢ =| 106-47 
OFn=| -095| Neo =| -233 |?@8M)a4 =! p20 
Ke =! 324°°42 =| 237° 44 | « =| 229°-94 
R= "007 R= °324 R= . R= 048 
% =| 354°°45 % =| 152°°75 ¢=| .. f =| 253°°60 
M4H-| 008] Sj Heal -302| *)H=| |. 2Nsy =| -044 
«=| 40°81] « =| 336°°05 c= ‘a « =| 210°-90 
R= 1:053 R = 148 R = "061 R= 003 
r=| 4°3) x =| 84°91 ¢ =) $12°26 ¢ =| 151°-32 
“hi —| 1:075| SsyH=| 126) "7H =| -063 [(MeNs =| 04 
te ==| 240°°85 «x =| 270°:92 « =| 206°°73 a =| 125°28 
R= 003 R= 096 R = 040 R = 010 
{=| 52°70 ¢ =| 168°°16 =| 54°89 | oar ¢ =| 86°°39 
Mon—| -o| PjH=| -o6| “PH= on |= 4 =| — -009 
x =:| 47°50 « =| 338°12 =| 167°°96 « =| 146°-22 
R= "003 R= "013 R = R= "002 
Y=| 94°40 Y=} 215°°138 C= : { =| 28°07 
Mi H-| 003] “jH=| oc] ®oH= Gms | 008 
we =| 207°47 we =| 175°23 « 7 « =| 317°84 
Long Period Tides. 

R | g H K 
Lunar Monthly Tide . ° ° 058 218°°58 0683 | 358719 
» Fortnightly 5 . +6 - 055 | 48°04 043 |  852°-48 
Tinecolar: +. : _ = 024, 21°15 025 | 144°-61 
Solar-Annual 3 ° ° ‘ 504 278°°46 *504 198° 49 


» Semi-Annual _se,, ° ° ° 285 267°°78 235 107°°85 
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KippEerporg, 1910. 


: Short Period Tides. 


A, = 10°895 feet. 


,_fH=R= 090 R= 165 R= 016 R= 208 
“10 n= ¢ =| 192°21 ud & =| 821°19] @ J § =| 100°01 nm.) § =| 156%39 
H=R=| 1°'558 ‘,H= 175 l’) H = 014 a = 208 
S, c= t% =| 95°61 «x =| 312°43 «=| 17°38) « =| 157°:77 
H=R= 107 R= 080 R = 168 Re 693 
S, x= Y =! 106°65 M Y =| 28°:89 L { =| 282°54 (MS) ¢ =| 194°-29 
H=R= 008 ‘).H= "087 4) H= 20] ‘)H= 708 
Se) = gy =| 49°°48 te =| 257%2] k =x} 49°32 « =| 71°37 
5 fH=R= 001 R= 233 R= 675 R= 066 
r = ¥ —| 3219-34 % =| 825°76 = 306°71 ’ % =| 240°-19 
: WH=| 209] Ne =| ogg [PSM)s9 =|” «068 
x= | 22°38 x=} 44°47 xe} 38°11) 
R= 044 R = °454 = nt R = "096 
M4 =| 022 | © Bo) as | Ha] | aT) ogg 
=| 184°°42 x=) 53°14 = ss x =| 309°°54 
Rez 3°666 R= *550 = 286 = 250 
=| 177°-60 C =, 265°°49 % =| 12211] C=} 45°00 
MsjH=| 3748) 4G = | 465] 9H] 292 (MN) Fy) 96) 
«=| 54°68 x=, 91°45 “=| 17°38 x =/ 19°84 
R= 029 R= "158 = Bs = "137 
= 346°°31 f =| 236°63 =| 65° f =} 816°94 
M, oS 0301 J Hel 158] *s =| 252 )Es4 Fe} +13] 
‘ 7 841°-93 k =} 46°62 x =| 179°°24 | ° x =| 17°29 
R= 737 R= 018 = R= "048 

eee =) ae = le 
M, A a cb: J, ve eae R, : = = (2M3K))s a ae ie 
K . 29°72 x =| 325°°46 k= « =| 820°°74 


Lunar Monthly Tide 848 233°°36 12°-68 
, Fortnightly __,, 4 ‘295 | 104°-87 231 48°22 
Luni-Solar__,, ' - a. 872 | 278°-59 “90 | = 417-5] 
Solar-A nrual ‘3 ; ; : 2°762 236°:99 2°762 157°-00 
», Semi-Annual _,, : : ; 1:107 147°°26 1°107 $47%29 


48 RECORDS OF THE SURVEY OF INDIA, 1910-11. (Vox. IT. 


PART IV.—TIDAL OPERATIONS. 


No. 16 PARTY. 
(Vide Index map 10). 
By Masor J. M. Burn, R.E. 
During the past year tidal registrations by self-registering tide-gauges 
PERSONNEL. were recorded at the ports of Aden, 
Imperial Officers. Karachi, Apollo Bandar (Bombay), 
ee inte F. Erskine, in charge up to 14th Octo- Pyince’s Dock (Bombay), Madras, Kid- 


Major J. M. Burn, R.E., in charge from 15th derpore, Rangoon, Moulmein and Port 
to 26th October 1910, and again from 27th Nov- 


amber 1910. = Blair. In addition, tide-pole readings of 
Provincial Officers. high and low water were taken during 
soe G. Stam. in charge from 27th October daylight at the ports of Bhavnagar, Akyab 
Mr. Syed Zille Hasnain. and Chittagong, with the object of com- 


paring the actual times and heights with the predictions. From 1st January 
1911 the tide-pole readings at the port of Chittagong were discontinued, and 
in their place the readings of the diagrams recorded on a small self-registering 
tide-gauge erected by the port authorities have been utilised. 

All the observations were made under the direction of this department 
and under the immediate control of the Port Officers concerned. 

The reduction by harmonic analysis of the observations for 1910 of the 9 
stations named above has been completed. The tide-tables for 1912 have arriv- 
ed in India and have been distributed. The work of publication of the tide- 
tables for 40 ports for the year 1914 isin progress in England. Data for these 
predictions were despatched from this office in January 1911. 


List or Trpat Srarions. | 
The following table gives a list of the 42 ports at which tidal observations 
have been registered, together with the periods of observation from 1874, 
when tidal operations were commenced, up to the present time. The stations 
shown in italics are permanent; the others are minor stations which were 
closed on the completion of the requisite registrations. 


Date of 


Serial Automatic commenoe- Date of ged 
No Stations. or personal ment of closing of f a aa b BRemManRKEs, 
observations. | observa: observations. |° re Shiled 
tions. ROS: 
1 | Suez : , .| Automatic . 1897 1903 
2/Perim . ; .| Ditto : 1898 1902 
3 | dden  . °°. «| Ditto : 1879 Still working 
4 |Maskat . 4 -| Ditto : 1893 1898 
. 6 | Bushire . ‘ -| Ditto , 1892 i 1901 
‘  6| Karachi . «| Ditto ,| 1868 1880 s) rice 
1831 Still working 31 aise king. Gauge 
7 | Ganstal . ; .| Ditto : 1874 1876 1 Tide-Tables not pub- 
lished. 
8 | Navana e -| Ditto ¢ 1874 1875 1 Ditto. 
9 | Okhaé Point .| Ditto : 1874 1875 1 
Re-started 2 | Yoar 1904-05 is ex. 
19U4 1906 1 cluded. 


10 | Porbandar " »| Personal . 1893 1894 2 
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Date of 
Sorial Automatic Somcnre: Date of phaaueis 
No Stations. or persunal ment of closing of f ae REMARKS. 
: observations. observa- observations. | ° pra 
tions. a 
10A Porbandar : .| Automatic . 1898 1902 2 Years 1898, 1899 and 
1902 are excluded. 
11 | Port Albert Victor | Personal. 1881 1882 
(Kathiiwér). 
11A Port Albert Victor | Automatic . 1900 1903 4 
(Kathiawar). 
12 eee . «| Ditto . 1889 1894 5 
13 | Bombay {Apollo| Ditto  . 1878 Still working 38 
Bandar). 
14 Bombay (Prince’s| Ditto : 1888 Still working 23 Property of Port 
Dock), Trust. 
16 | Marmagao (Goa) .| Ditto 1884 1889 6 
16 | Karwar . : .| Ditto : 1878 1883 5 
17 | Beypore .  .| Ditto. 1878 1884 6 
WWj}Cochin . . 3 .| Ditto . 1886 1892 6 
19 | Tuticorin . : .| Ditto : 1888 1893 ) 
20 /Minicoy . . «| Ditto . 1891 1896 5 
21 /Galle . . «| Ditto. 1884 1890 6 
22 | Colombo . «| Ditto 1884 1890 6 
23 | Trincomalee . .| Ditto . 1890 1896 6 
24 | Pamban Pass . .| Ditto ~°. 1878 1882 4 
25 Negapttam . .] Ditto. 1881 1888 5 Years 1883-1834, 1885 
are excluded. 
26 | Madras : .| Ditto. 1480 1890 10 
Re-started 26 
1895 Still working 16 
27 | Cocanada . «| Ditto . 1886 1891 6 
28 | Vizagayatam -| Ditto ? 1879 1&85 6 
29 | False Point . .| Ditto : 1881 1885 4 
30 | Dublat (Sagar Island) | Ditto : 1881 1886 5 
31 | Diamond Harbour .| Ditto : 1881 1886 5 
32 | Kidderpore . -| Ditto : 1881 Still working 30 
33 | Chittagong . «| Ditto. 1886 1891 5 
34] Akyab . .| Ditto . 1837 1892 5 
| 
35 Diamond Island .| Ditto. 1895 1899 5 
| 
$36 Bassein (Burma) .| Ditto 1902 1903 2 
37 Elephant Point .| Ditto. 1880 1881 
Re-started § Year 1880-81 is ex- 
1884 1888 cluded. 
38 eae ° -| Ditto 3 188U Still working 31 
39 poe -* | Ditto. 1880 1886 6 
40 Moulmein . «| Ditto. 1880 1886 6 
Re-started 8 
1gug Still working 2 
1894 5 


41 | Mergui e @ e Ditto 1889 


42 pone Blair .. .| Ditto . 1880 Still working 31 
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WORKING OF THE OBSERVATORIES. 


The nine tidal observatories now working were ere during the year 
by Mr. Syed Zille Hasnain. ~— - 

Aden.—As mentioned in last year’s report the communication hole 
at the bottom of the float cylinder had become too Jarge. It was therefore 
removed during this year’s inspection, and a new cylinder which was made by 
the Port Engineer was fixed in its place. The tide-gauge was found to have 
worked satisfactorily since the last inspection. It was thoroughly cleaned and 
overhauled. 

Karachi.—This observatory was found in good order. The communi- 
cation hole at the bottom of the cylinder was partially blocked by barnacles. 
It was thoroughly cleaned and the tide-gauge was overhauled and left in work- 
ing order. There have been no breaks in the tidal registrations during the 
year. | 

Apollo Bandar (Bombay).—This observatory has worked well through 
out the year. There was one minor interruption in the registration of the tide- 
gauge. | 

Prince’s Dock (Bombay).—There have been a few short interruptions 
in the registration of the tide-gauge at this observatory owing to the pencil 
wire breaking. 

Madras.—As the sluice at the bottom of the well of this observatory 
through which communication between the sea and the well is regulated had 
not been working satisfactorily for the past two years, steps were taken during 
this year’s inspection to have it removed and replaced by a new one. This 
work took some days, and the registrations of the tide-gauge were consequently 
stopped from the 10th to the 21st February 1911. Opportunity was also taken: 
to have the well thoroughly cleaned and repaired. With the exception of the 
above break, there have been no interruptions in the tidal registrations during 
the year. The old entrance to the harbour which was immediately south of the 
observatory has now been closed, and a new entrance has been made in the 
north arm of the harbour. 

Kidderpore.—The tide-gauge at this observatory has worked well 
throughout the year. There was only one interruption of a few hours in tho 
registrations owing to the stoppage of the driving clock. The inspecting officer 
found that a good deal of mud had collected near the bottom of the cylinder 
which was likely to interfere with free communication between the sea and the 
cylinder. The matter having been brought to the notice of the Deputy Conscr- 
vator of the Port, the necessary dredging was carried out. 

Rangoon.—There have been no breaks in the registrations of the tide-gauge 
at this observatory during the year. The tide-gauge and the auxiliary instru- 
ments were thoroughly cleaned and put in order. 

Moulmein.—The tide-gauge at this observatory has worked well during the 
year, except for a few minor interruptions in its registrations owing to the 
stoppage of the driving clock. The inspecting officer found the praduated staff 
inaccurately divided. It was therefore removed and a new graduated staff was 
prepared and fixed in place of the old one. 

Port Blair.—There has been only one interruption of a few hours in the 
registrations of the tide-gauge at this observatory owing to the stoppage of the 
driving clock. During the inspection the zero of the graduated staff was found 
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to differ by 0°1 of a foot from the zero of the tide-gauge. The staff was removed 
and refixed in its proper position so that its zero is now identical with the zero 
of the gauge. 


TIDAL DIAGBAMS AND DAILY KEPORTS.. 


The tidal diagrams and daily reports have been submitted regularly to the 
office of this party by the various port officials concerned. 


TIDAL CONSTANTS. 


The tidal observations at the nine working stations for the year 1910 have 
been reduced, and the tabulated values of the tidal constants thus determined 
are appended. There are no arrears, 

The following tables give the amplitudes (R)- and the epochs (%) deduced 
from the 1910 observations at the various stations; they also give the values 
of H and « which are connected with R and ¢ in sucha way, through the 
various astronomical quantities involved in the positions of the sun and moon, 
that if the tidal observations. were consistent from year to year H and « 
would come out the same from each year’s reductions. 
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AvEN, 1910. 


Short Period Tides. 


A,=5°836 feet. 


g H = R= "095 R= ‘007 R = -139 R= "049 
Une =f =| 178°73 M E =| 329°-20 Q ¢ =| 182°69 7 J t= 290°°68 
S H = R= °685 6)H= ‘007 ‘yy H= "125 2) H ‘049 
IU n= C=| 2419-96 « =/311°63 _e =| 45°36 x =| 291°-94 
g H = R= “002 R= 001 R= "017 R= 010 
4U «=v =| 262°88 M =| 74°75 L Y=| 44°53 (MS) ¢ =| 246° 41 
g H = R= 004 8) H= ‘001 2) H = "021 4y,H= 010 
8U « = f =| 211° 19 «=| 291932 wk =| 219°°95 « =| 120°55 
S H = R= ‘001 R= 728 R= “417 R= ‘007 
8 « = £ =| 128°66 Y =| 343°°04 % =| 128°-74 ¢ =} 300° 51 
O14 =| 52] Ney gal eggs [P5295 =] 007 

«=| 86°60 « s=| 221°-99 x=| 66°:37 

R= 076 R=| 1°397 R= ae R= "079 

C=) 28712 % =| 210°°38 e— ose % =| 2219-29 
MgH=| 039) X45) 1302] *FHH=| 1 2N3) =| —-080 
«=| 78°29 «eat 38°77 c= Sats « =| 178°°64 

R=| 1°515 R= 226 i 108 R= ‘008 

¢ =| 351°27 ¢ =| 58°72 x =| 300°-04 ¢ =| 247°-09 

Mig i =| 1546] Ke gis} 191] 29 Hal -n20 [Mas GE =! -008 

k =| 225° 41 «=| 239°'92 « =| 191°-01 w sz} 214°°49 

. R= ‘016 R= ‘420 R= "069 R= 015 

¢ ={ 201°94 % =| 228°-50 ¢ =| 64°°76 Y=} 37°33 

M, H= 016 P, H = "4.20 Ms H= "072 (MKi)s H= ‘015 

«x =| 193°°16 «=| 83°37 « =| 178°°05 xz} 94°°87 

R —— 006 R = ‘081 R = R = 004 

¢ =| 160°-91 Y =| 66°-02 {= Y==| 64°64 
Mou=| 006] %)H=| -073| Br) HK GMs) 7 | 004 

ec =} 269°-19 «=| 27°50 c= x w=, 339°°53 


Long Pertod Tides. 


Lunar Monthly Tide 263°°46 025 44°-35 
» Fortnightly ,, ‘ 69°-57 "059 16°59 
Luni-Solar __,, 3 : ; $36°-15 009 102°-00 
Solar-Annual , , : 5°78 
» Semi-Annual ,, ; : ; 122°00 
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Karacat, 1910. 
Short Pertod T¢des. 
A, = 7:233 feet. 
S H—R= 095 R= "04-4 R= 143 R= °087 
1U «=f =| 188° 94 M £ =| 225°-61 Q Y =| 142°-58 T ( ¢ =| 10°68 
S H = R= 973 6) H = ‘047 1) H = "128 | H = ‘087 
Le = § =| 822°68 x =| 212°%52 x =| 57°59 x =| 12°00 
S H=R= ‘011 R = agers R= ree R= 035 
4 c= 4 = 4°12 g = °S7 C = 95 4 = 83°13 
sfH=R=| 007] “ey H =| 006 Ley i =| 040] S49 =] -036 
6 a —| g = 317°29 i 954°°4) c= 280°-07 k= 318977 
S, H =R = 7 "002 R= eae R = eG R= ey 
c=tl= 4°-08 ; i= ; t =| 338° 

A5,n—| -c62] Nepq =| 619 |®SMey =] 01] 
e=| 47°50 x =| 2809-94 ez} 95°04 
R= 090 R= 1°430 R= om R= "115 
=| 36°56 ¢ =| 223°-06 ¢=| if =| 295°35 
M, = 046 Ky ‘i = 1°333 Ag H = e 2N; H = ‘118 
k= 82°48  — 46°°39 c= eee ( c= 250°-79 
R= 2-586 R= "815 R= 163 R= -019 
¢ =] §8°-83 Y =| 1384°56 Y =| 3538°75 Y =| 27°82 
Ms4i7—| 2590) 29H =| -266] “J 1r=| 166 |™su4 =] -og0 
x =| 294°°46 x =! 820°-64 x =| 246°°91 x =} 858°-99 
R= 035 R= *4.09 R= 070 R= 013 

¢ =| 352°:30 Y =| 235°-40 ¢ =| 180°91 ¢ =| 61°82 
Myy=| os) ®jH=| 409] “Yur! -073(%E5 FH] cols 

« =| 345°76 ea} 45°32 wx =z| 242°19 x =| 110°-79 
R = 014 R — 077 R J er0 R — °029 

¢ =| 208° 10 Law| 82°64 = : Y=) 64°26 
Mey ip=| -ois| % —| -oe69| By y= QMsEis9 Fr | = 028 
nc =| 319°37 Kk =| 43°26 c= ce =| 85220 

Long Pertod Tsdes 
K 

Lunar Monthly Tide . 188°97 | 279°-07 

” Fortnightly 9) e e FY 75°5 l 20°-9] 

Luni-Solar ” ”» e e 856°-48 120°-79 

Solar-Annual PP ‘ ; 168° 26 88°-33 

Semi-Annual 829°°85 170°-00 


3) ® ® 


99 
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BomsBay (Apotto Banpar), 1910. 


Short Pertod Tides, 


A,=10 204 feet. 


S H = = 062 R =]. 016 R= 139 R= "163 
‘Le =e] 19678] a) ¢=| 26757] g Se ajisseis} = Sg =| 44°97 
S H=R= 1°555 ‘)H= 017 1 H= °125 I) H= °163 
Lee t= 9°-30 «=| 14°°66 x =| 60°82 «=| 46°31 
S H-—-R= 014, R= 009 R= 016 R= "085 
Ux = % =| 251°31 % =| 114°°57 ¢ =| 332°77 ¢ =| 146°35 
g fH=B=|  -002| Mea H=| -o10] M7 H=| 019) OSh9 HX) 086 
6U «= f =| 190°31 — « = 838°70 « =| 14,9°-07 we =| 22°38 
g H=R= "002 he “721 = "949 R= 036 
22 «= ¢ =| 115°46 ¢ =| 352° 78 ¢ =| 218°°37 =} 334°:00 
O14 =| 645 | Ney al -969 [(2SMa4 037 

Le 48°31] wc =| 314°°52 xe=| 97°97 

R= 094, R= 1-496 R= ot R= 118 

{= 35°39 ¢ =| 221°°68 c= ae { =! 334°'56 
Moy=| 048) S Ha] 1394] “*JH=| | 2Nis =| +120 

x =| 81°50 «=| 45°00 eo) as «=| 290°-82 

R=] 3°853 = 481 R= 240 R= 017 

¢ =| 93°-96 ¢ =| 171°-68 ¢ =| 28°08 t =| 24091 

My4 =| 3:034| 8) He! +407] 8) H=| 245 | MeN)e9 |” org 

we =| 829°°99 we = | 857°°78 wx =| 276°°82 « =| 213°°09 

= 074 R= ‘404 R= 205 R= "087 

ee} 23°-12 % =| 234°°98 ¢ =! 181°-08 =| 148°°61 
Mou=| o7e] "4H me 404) “#9} HH! 274 | eK 8 =} -083 

=| 17°16 x=} 44°92 we =| 293°14 « =| 2079-986 

= 082 R= "080 R= 2 R = 064 

¢ =| 187°34 ¢ =| 88°64 tml... ¢ =| 135°07 
MyuH=) 085) ")H=| 072] By H all [OME FW) ogo 

we zz| 299% 41 ez} 49°03 == see “2 =| 63°81 

Lunar Monthly Tide ° ° ° "009 334°°26 010 114°14 
, Fortnightly ,, ’ 043 73°°05 034 18°03 
Wanresoiar. : 4 024 | 251%94 025} 15°91 
Solar-Annual ‘ ; : 057 41°04. 057 824-19 
» Semi-Annual __,, , ; 135 357° 18 135 197°-25 
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Bomsay (Prixce’s Dock), 1910. 
Short Period Tiles. 
A, = 8-201 feet. 
H=R= "085 R= "012 R= 143 R= 167 
SU = ¢ =| 190°85 = 21914 | gq J 6 =) 1007+ ¢ =| 45°-00 
H=R=| 1304("%ejH=| 018/%9H=| 228] THE! 167 
SsY n= it =:| 5°58 =, 207°-24 x =| 61°38 xk =| 46°34 
S (H= R= 020 = "002 R= 023 R= 117 
— a °. = Ps — mf i = 9. 
See coe | Mey nal 003 | Ha 098 [OES 4 =| age 
Ss eva v = 1819-5] k= 62°56 c= 187° 02 t= 44°°12 
S H=R = "002 R= "735 rCR= ‘968 R = ‘O41 
"EU k= =| 184°-76 ¢ =| 353°-23 g =| 221° 49 g =| 352°°38 
OH =| 657] Ne i =| 939 JP5Ms4 Fl 041 
k=} 48°76 K =| 317°63 x =| 116°35 
R = 101 R=| = 1°504 R = sie R= ‘109 
=| 85°-0 =| 222°°38 — sua 3887-12 
M3 HE) ose | Bij nal 1402] * Hal xd oe in 
K 81°1)] a z| 45°70 c= cee we =| 294°°38 
R=! 3°958 = 4.97 R= 234 Re= : 007 
= Oo. =—! 175°°95 23°94 =| 124°°3 
Med todt | Key eal agar | 7 Hal 239 (MsNy BEL 008 
Kk =| 832°°44 k =! 2°00 we =| 276°°67 ne =| 96°56 
R = 077 R= 409 = 211 R = 091 
_ 0.65 — 0, os ; — 0, 
M, i a gers P, = = a Ms mM = ets ae H = aaa 
 —— 29°68 K=— 4.5°°70 | ———s 300°°65 KS 195°:45 
R= ‘087 R= ‘082 R= ’ R= ‘081 
o. sacs ° 1 =" Oe 
M, ; = me 091 ‘ fi = work Ry Fi = ome = er 078 
x =' 887° 16 x, 48°°36 | k= «=| 79°18 


| 

| 
Lunar Monthly Tide 016 265° 64 017 45°53 
, Fortnightly ,, , ; 051 17°07 040 22°°0-+4 
Luni-Solar ,, ‘5 . ‘O4) 247°°6] 042 11°-57 
Solar-Annual ra : 053 50°11 053 330°°:17 
» semi-Annual _,, ‘ 116 $53°°48 146 193°'60 


56 RECORDS OF THE SURVEY OF INDIA, 1910-11. [ Vou. II. 
Manpras, 1910. 
Short Pertod Tides. 
A, = 2°412 feet. 
g ee =R J 030 R= 003 R = 002 R= "028 
‘Lx = t=, 94°90 uJ $= 151°°70 gas 113°-20 pJi= 319° 15 
S ie =—=R = "4.6 ] 6 H = “O04 1 H — “001 3 H = 028 
9l « = % =, 269°°-76 we | 141°°30 xe =| 29°°63 « =| 320° 5] 
sfH=R=| 002) “9 H=) ool] “49H =| 056) =) -004 
él c= C = 81°03 k= 123°°61 k= 269°°76 k= 315°°82 
S ee =R = ‘001 R= "106 R= 233 R = 020 
BL xe =f =| 23°96 Y =| 268°°37 ¢ =, 140°°52 ¢ =); 106°47 
OFn=| 095] Nepal -233 |@5M)ay y= -o20 
«=! 324°°42 w= 237° 44 «=! 2299-94. 
R= "007 R= 324 R _ <a R = 043 
¢ =| 354°°45 ¢ =| 152°75 g=| .. ¢ =| 253°-60 
MiH=| -oos) S4H=! -302] *JHS| .. Ned n=] 044 
«=| 40°81 «x =| 336°°05 K = - « =} 210°-90 
R = 1:053 R= "148 R= ‘061 R= 003 
y=| 4°31 ¢ =| 84°91 ¢ =) $12°26 |, ¢ =| 151°-82 
i —| 1075 | XoH=| ee] 2) m=) -063 [O%N)s5 =] -oog 
« =| 240°°85 wx =| 270°°92 x = 206°°73 x =| 125°28 
R= 008 R= 096 R= “010 R = ‘010 
y =| 52°70 ¢ =| 16816 ¢ =| 54°89 | x =| 86°39 
Moy] -oos| !7H=| -o6| “27 =) on | OEP EH! -009 
k= 47°°50 k= 338°°12 K =| 167°°96  —— 146°-22 
R= 003 R= 013 R= R= 002 
xy —| 94°40 ¢ =| 215°13 ¢ = ws, | £ =| 28°07 
Mii ye) 003] N)H=| ol) oH MEU gr all” aQ09 
we =! 207%47 we =| 175°23 ke 7 x =| 317°84 
Long Period Tules. 
R 4 H Kk 

Lunar Monthly Tide ° ° ° 058 218°°58 063 | 3589-19 
» Fortnightly 4, .. oe 055 | 48°04 043 |  852°48 
Luni-Solar __,, . « 024, 21°15 025 | 144°61 
Solar-Annual : ° ; ‘504 278°°46 “504 198°:°49 
» Semi-Annual ‘ e ; 235 267°°78 235 107° 85 
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KippEerpore, 1910. 


. Short Period Tides. 


A, = 10°895 feet. 


a —— 


! 


H=R = 090 R= "165 ie — ‘016 R= 203 
10 «= ¢ =| 192°21 um.) & =| 821°19 | @ J § =| 10001 pd § =| 15639 
P H=R=!| 1°558 ‘,H= 175 1) H = "014 2) H = 203 
2U «= t% =| 95°61 we =| 3129-43 ess) LTS) ges! 16777 
‘ T= R= 107 R= ‘080 = 168 R= 693 
$0 «= % =! 106°65 Y =| 28°89 %Y =| 282° 54 ¢ =| 194°-29 
HmBol 008 wd =| -os7 | > H =! — -201 | MSe5 =] e708 
Ss, k= ¢ =| 49°48 we =| 2579-21 =x} 49°-32 eel 71"387 
S H= R = ‘001 R= 93S R f °675 R= "066 
=o = ¢ =| 821°°34 ¢ =) .325"76 Aer a ey | i ¢ =| 240°-19 
1s Orn =| 209) Ney Ha! -eg9 [(28™Mo5 =I” -og8 
xa | 22°38 wo) 44°47 ea} §°%)])] 

pat 0.79 —| 229°-R86 ome as! O10: 
M, A = mah K, BS =| ae as z =| 2Ny A = err 
K =| 184°:42 e =| 58°14 k= Kk =| 309°54 
R= 3°666 R= °550 R= 286 R= 250 
| Y =| 177°°60 Y =| 265°°49 cae), PROT ¢ =| 45°00 
Ms 5 y7=| 3-743 | Be 4 =| 465] 9H =| 292 [MN HX) 261 
k=! 54°68 em, 91°45 «=| 17°38 «=i 19°84 
R= "029 R= °158 R= "24,2 R= 137 
+ =| 346°-31 ¢ =| 236°63 y =| 65°08 ¢ —| $16°94 
Moy =| 030) =| +158] “JH =| -252 | E> Hl” 73] 
Kk =| 841°-93 k=! 46°62 « =| 179°°24 | ° «=| 17°29 
R =| 737 R= ‘018 R= bits R= “048 
Y =| 275°56 S=| 5°68 - — aa SC =| 29°85 
MoH=| 768) %3)H=| 017) 5H =| 2. OME OB KW 047 
x) 29°72 K =| 825°°46 t= via | « =| 320°74 


Lunar Monthly Tide : . : 848 233°°36 12°-68 
- Fortnightly 5 ; ; "295 104°°37 231 48°-22 
Luni/soler ‘5 ‘ . ; : 872 278°°59 890 41°51 
is ‘5 ; 2°762 236°'99 2°762 157°-00 
Semi-Annual __s,, : : ° 1107 147°°26 1°107 847°29 


”? 


‘ 
° 
e 
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PART IV.—TIDAL OPERATIONS. 


No. 16 PARTY. 
(Vsde Index map 10). 
By Masor J. M. Bury, R.E. 
During the past year tidal registrations by self-registering tide-gauges 
Punsoxner: were recorded at the ports of Aden, 
Imperial Officers. Karachi, Apollo Bandar (Bombay), 
Mr. C. F. Erskine, in charge up to 14th Octo- Pyince’s Dock (Bombay), Madras, Kid- 


ber 1910, 


Major J. M. Burn, R.E., in charge from 15th derpore, Rangoon, Moulmein and Port 
to 26th October 1910, and again from 27th Nov- 


smberlo1o. © Blair. In addition, tide-pole readings of 
Provincial Officers. high and low water were taken during 

bo eee in Charge from 27th Ootober davlight at the ports of Bhavnagar, Akyab 
Mr. Syed Zille Hasnain. and Chittagong, with the object of com- 


paring the actual times and heights with the predictions. From 1st January 
1911 the tide-pole readings at the port of Chittagong were discontinued, and 
in their place the readings of the diagrams recorded on a small self-registering 
tide-gauge erected by the port authorities have been utilised. 

All the observations were made under the direction of this department 
and under the immediate control of the Port Officers concerned. 

The reduction by harmonic analysis of the observations for 1910 of the 9 
stations named above has been completed. The tide-tables for 1912 have arriv- 
ed in India and have been distributed. The work of publication of the tide- 
tables for 40 ports for the year 1914 isin progress in England. Data for these 
predictions were despatched from this office in January 1911. 


List oF TrpaL STATIONS. 


The following table gives a list of the 42 ports at which tidal observations 
have been registered, together with the periods of observation from 1874, 
when tidal operations were commenced, up to the present time. The stations 
shown in italics are permanent; the others are minor stations which were 
closed on the completion of the requisite registrations. 


Date of 


Serial Automatic oommence- Date of aed 
No. Stations. or personal ment of closing of f ae : Remarks, 
observations, observa: observations. | ° 3 nerve 
tions. AUR 
1 | Suez : ; -' Automatic . 1897 1903 
2/Perim . : .| Ditto : 1898 1902 
3 | dden 1: . »| Ditto ‘ 1879 Still working 
4 |Maskat . ‘ ~| Ditto ; 1893 1898 
6 | Bushire . ; -| Ditto 7 1892 : 1901 
'  6| Karachi . «| Ditto .| 1868 1880 vie heen, te 
1831 Still working 31 ae ee 
7 | Hanstal . P -| Ditto ‘ 1874 1876 1 Tide-Tables not pub- 
lished. 
8 | Navana . »~| Ditto : 1874 1875 1 Ditto. 
9 | Okha Point e .| Ditto ; 1874 1875 ] 
Re-started 2 | Year 1904-05 is ex. 
19u4 1906 1 cluded. 
10 | Porbandar a »| Personal . 1893 1894 2 
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Stations. 


10A Porbandar 


1l | Port Albert Victor 
(Kathiawér). 


11A Port Albert Victor 
(Kathiawar). 


12 | Bhavnagar , 


13 | Bombay (A pollo 
Bandar). 


14] Bombay (Prince's 
Dock). 


16 | Marmugao (Goa) 

16 | Karwar . 

17 Beypore 

18} Cochin 2 

19 | Tuticorin ‘ . 

20 Minicoy j . . 
21 {Galle . . . 
22 | Colombo ‘ 

23 | Trincomalee. 

24 | Pamban Pass . ; 
25 | Negapstam 

26 | Madras 


27 | Cocanada 

28 | Vizaga;atam 

29 | False Point . 

30 | Dublat (Sagar Island) 
31 | Diamond Harbour . 
32 | Kidderpore . 

33 | Chittagong . 

34 | Akyab . : 

35 Diamond Island 


36 Bassein (Burma) 


37 Elephant Point ; 


38 , Rangoon : : 
39 Amherst eo Ww 
4)  Moulmein : ° 


41 Mergui . 
43 ia Blair .. . 


TIDAL OPERATIONS. 


on ene naeaagtin a ne ne 


Date of 
Automatic ovumm ence- 
cheveatisne:| douse 
tions. 
Automatic . 1898 
Personal 1881 
Automatic . 1900 
Ditto : 1889 
Ditto ' 1878 
Ditto 1883 
Ditto 1884 
Ditto 1878 
Ditto 1878 
Ditto ; 1886 
Ditto 1888 
Ditto 1891 
Ditto ‘ 1884 
Ditto 1884 
Ditto 1890 
Ditto ~. 1878 
Ditto 1881 
mito | tt 
1895 
Ditto ; 1886 
Ditto 1879 
Ditto 1881 
Ditto 1881 
Ditto 1881 
Ditto 1881 
Ditto 1886 
Ditto ° 1887 
Ditto 1895 
Ditto 1902 
Ditto 1880 
Re-started 
ls84 
Ditto 1880 
Ditto : 1880 
Ditto ‘; 1880 
Re-started 
1909 
Ditto 1889 
Ditto . 1880 


Number 
Date of 

eloaie of o pal 
observations. | O% 008erv- 
ations. 

1902 2 

1882 1 

1903 4 

1894 5 


Still working 38 
Still working 23 


1889 5 
1883 5 
1884 6 
1892 6 
1893 5 
1896 5 
1890 6 
1890 6 

6 

4 


1890 10 
26 
Still working 16 


1891 5 
1886 6 
1885 4 
1886 5 
1886 5 
Still working 30 
1891 5 
1892 5 
1899 5 
1903 3 

1881 
5 

1888 


Still working 31 


1886 6 
1886 6 
8 
Still working 2 
1894 9 


Still working 31 
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REMARKS. 


Years 1898, 1899 and 
1902 are excluded. 


Property of Port 
Trust. 


Years 1883-1834, 1886 
are excluded. 


Year 1880-81 is ex- 
cluded. 
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WORKING OF THE OBSERVATORIES. 


The nine tidal observatorics now working were inspected during the year 
by Mr. Syed Zille Hasnain. — - 

Aden.—As mentioned in last year’s report the communication hole 
at the bottom of the float cylinder had become too large. It was therefore 
removed during this year’s inspection, and a new cylinder which was made by 
the Port Engineer was fixed in its place. The tide-gauge was found to have 
worked satisfactorily since the last inspection. It was thoroughly cleaned and 
overhauled. 

Karachi.—This observatory was found in good order. The communi- 
cation hole at the bottom of the cylinder was partially blocked by barnacles. 
It was thoroughly cleaned and the tide-gauge was overhauled and left in work- 
ing order. There have been no breaks in the tidal registrations during the 
year. | 

Apollo Bandar (Bombay).—This observatory has worked well through- 
out the year. There was one minor interruption in the registration of the tide- 
gauge. | 

Prince’s Dock (Bombay).—There have been a few short interruptions 
in the registration of the tide-gauge at this observatory owing to the pencil 
wire breaking. 

Madras.—As the sluice at the bottom of the well of this observatory 
through which communication between the sca and the well is regulated had 
not been working satisfactorily for the past two years, steps were taken during 
this year’s inspection to have it removed and replaced by a new one. This 
work took some days, and the registrations of the tide-gauge were consequently 
stopped from the 10th to the 21st February 1911. Opportunity was also taken- 
to have the well thoroughly cleaned and repaired. With the exception of the 
above break, there have been no interruptions in the tidal registrations during 
the year. The old entrance to the harbour which was immediatcly south of the 
observatory has now been closed, and a new entrance has been made in the 
north arm of the harbour. 

Kidderpore.—The tide-gauge at this observatory has worked well 
throughout the year. There was only one interruption of a few hours in the 
registrations owing to the stoppage of the driving clock. The inspecting officer 
found that a good deal of mud had collected near the bottom of the cylinder 
which was likely to interfere with free communication between the sea and the 
cylinder. The matter having been brought to the notice of the Deputy Conscr- 
vator of the Port, the necessary dredging was carried out. 

Rangoon.—There have been no breaks in the registrations of the tide-gauce 
at this observatory during the year. The tide-gauge and the auxiliary instru- 
ments were thoroughly cleaned and put in order. 

Moulmein.—tThe tide-gauge at this observatory has worked well during the 
year, except for a few minor interruptions in its registrations owing to the 
stoppage of the driving clock. The inspecting officer found the graduated staff 
inaccurately divided. It was therefore removed and a new graduated staff was 
prepared and fixed in place of the old one. 

Port Blatr.—There has been only one interruption of a few hours in the 
registrations of the tide-gauge at this observatory owing to the stoppage of the 
driving clock. During the inspection the zero of the graduated staff was found 
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to differ by 0°1 of a foot from the zero of the tide-gauge. The staff was removed 
and refixed in its proper position so that its zero is now identical with the zero 
of the gauge. 


TIDAL DIAGBAMS AND DAILY KEPORTS. 


The tidal diagrams and daily reports have been submitted regularly to the 
office of this party by the various port officials concerned. 


TIDAL CONSTANTS. 


The tidal observations at the nine working stations for the year 1910 have 
been redueed, and the tabulated values of the tidal constants thus determined 
are appended. There are no arrears, 

The following tables give the amplitudes (R)-and the epochs (%) deduced 
from the 1910, observations at the warious stations; they also give the values 
of H and « which are connected with R and¢ in such away, throuch the 
various astronomical quantities involved in the positions of the sun and moon, 
that if the tidal observations. were consistent from yrar to year H and « 
would come out the same from each year’s reductions. 
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ApvEN, 1910. 


Short Period Tides. 


A,=5'836 feet. 


g H = R= 095 R= ‘007 R = °139 R= 049 
1U «=f =| 178°73 MJ o= 82920 a2 $= 132°69 7 J $= 290°°68 
S H = R= °655 6) H= "007 ’) H= °125 2) H = "049 
9) ¢ C=! 241°°96 « =/(311°63 «=! 45°36 wx =| 291°°94 
S H = R= "002 R = "001 R= 017 R= 010 
4) «el =| 262°88 M C=} 74°75 L C=} 44°53 (MS) ¢ =| 246° 41 
g H = R= "004 §)H= 001 2) H = °021 4)H= ‘010 
68) ¢ = % =| 211°°19 « =| 291932 wc =| 219°°95 «x =| 120°55 
Ss H= R= ‘001 R = "728 R= AlT R= 007 
8 « = % —| 128°'66 Y =| 343°-04 % =| 128974 ¢ =| 800°51 
; O4n=| 052) Nespas) aes est —| 007 

x=! 36°60 Kk s=| 2219-99 x==| 66°:37 

R= 076 R= 1°397 R= eee R= ‘079 

Y =| 28°12 Y =|( 210°-38 {= ae % =| 221° 29 

M, H= ‘039 K, H =| = 1°302 Si H= Js 2N, H = "080 
=| 73°29 c= rr aa | c= ae « =| 178°°64 

R=; 1°515 R= 296 R= 108 R= ‘008 

% =| 351°27 =| 58°72 Y =| 300° 04 % =| 247°-09 

oe =| 1546) Key Hel iol | "2H =| 210 aN =! 008 

k =| 225° 41 w= | 239°'92 « =| 191°°01 «=z, 214°°49 

: R= 016 R= 4.20 R= "069 R= 015 

% ={ 201°°94 % =| 228°°50 y =| 64°°76 {=| 87°33 
Msu={ -ole| P4H=| -420] “29> H =| 072 | E54 Fol ors 
c= 193°16 c= 33°°37 c= 178°:05 c= 94°°87 

R= 006 R= ‘081 R= R= 004 

C= 160°°91 {= 66°-02 (= (= 64°°64 
Mine} -oo6| 24H =| -073| HE QM. | 6004 

«ce =| 269° 19 e=z| 27°50 = x w=) 339°-58 


Long Pertod Tides. 


Lunar Monthly Tide —- 268°°46 025 44,°°35 
» Fortnightly ,, é 69°57 "059 16°59 
Luni-Solar __,, . : ; 836° 15 009 102°:00 
Solar-Annual 9 , ° ; 85°65 809 5°78 
» Semi-Annual ,, ‘ 086 281%73 086 122°-00 
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Karacat, 1910. 


Short Pertod Tedes. 


A, = 7233 feet. 


S, ees =R= "095 R= "044 R = 143 R= "087 
k= =| 18894] ap J f=] 225061] GQ ) 8 =| 142°°58 7p) & =} 10°63 
S H = R= 973 6) H = "047 1) H = °128 3) H = -087 
Ile = ¢ =] 322°-68 =| 212°52 x =| 57°59 k =| 12°:00 
s fi =R= ‘011 = ‘005 R= 033 R= 035 
{lex f= 4°12 = 81°:87 C= 103°°95 ‘4 = 83°18 
5 fH=R=|  -007| =| 066) Ms =| -o40] (MS)s5 Fl 086 
6 Un st =} 317%29 —| 2544] Kk =| 280°-07 « =| 318°77 
g H =R = "002 = 740 R = 607 R= 01] 
82 c= x=! 74°08 =| 352°88 ¥y =| 185°-40 % =| 333°-67 
Oijsn-—| -eo2| Nexqyeal org (®5Meg a7 =] eon] 
=| 47°50 x =| 2809-94 cz| 98°04 
R= "090 = 1°430 R= ee R= ‘115 

¢ =| 36°56 =| 223°-06 ¢=| if =| 295°35 
Monel -oie| S4Hal 1333] * Hel |. 2Nes tr =| -118 

Kk 82°°4.8 — 46°°39 k= eee ( ge = 250°-79 

R= 2°586 R = °815 R = 163 R= "019 

C= 58°-83 C= 134°°56 oe 353°°75 {= 27°-82 
Ms4ir—| 2590] 829 =| 3-266] “29H =| 166 |MaN 5 =] -og0 

ne =| 294°°46 =| 320°°64 Kk =| 246°-91 ne =! 858°-99 

R= "035 = *4.09 R= "070 R = 018 

t =| 352°-30 Y =| 235°-40 ¢ =| 130°-9] {=| 51°82 

M; ‘4 =| -o36) §JH=| -409] “FH =] 073; E44 FL] org 
k= 345°°76 3 45°82  —— 942° 19 c= 110°:79 

R= 014 zs ‘077 R= 1. R= 029 

yY =} 208° 10 Z| 82°64 C= ss Y=} 64°26 
Moye] ols] A 7H=| -oeo] Bp Hal 2 [OME FL] 098 

ce =| 819°:37 x=| 43°26 Kk = Se re =| 8529-20 

Long Pertod Tides. 
K 

Lunar Monthly Tide : ; : . 18°97 : 279°-07 

” Fortnightly ” . 75°51 20°-9] 

Luni-Solar _,, i . ° : 856° 48 : 120°79 


Solar-Annual ”) : ; . 168° 26 . 88°83 


Semi-Annual _s,, ; : : : 829°°85 : 170°-00 


99 
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BomsBay (ApoutLo Banpar), 1910. 


Short Pertod Tides. 


A,=10 204 feet. 
S H=R= 062 R= 016 (‘: = "139 R= ‘163 
1 c= C= 196°°78 M =| 26°°57 Q {= 145°°18 {= 44°°97 
g fH=R=| 1555] “eo H=| 017] “)H=| +125 T34 =| +163 
Ml ke=zt= 2°30 k=} 14°66 x=} 60°82 e=| 46°31 
s,{ 7 —-R= ea R= Pr = 016 R= ‘085. 
c= C= : c= ‘5 =| 332° 77 = Oe. 
g H =R= 002 M, = ‘010 L, fi = 019 (MS), : = mar 
6U «= ¢ =| 190°31 * ¢ = 888°:70 « =| 149°°07 ea} 22°38 
s, ie =2 zs eo R= soe =| +949 R=! 036 
8lie =e l= : t= 2" . © =| 218°°37 = Oo. 
O; H= °645 Ns ; = "969 (28M), fi = sae 
- | 48°38] te =| 814°°52 a=| 97°97 
R= "094 = . = mee : 
¢ =| 35°39 a sites ; i . = 51650 
M4y7=| 048) S4u=/ 1394] *JHel | 2NiyH =| +19 
=| 81°50 =| 45°00 =|... S Sapeas 
c= = c= a w« =| 290° 82 
R= es | R= eas R= 24.0 R= 017 
(= °° t= ‘ {=| 28°08 = Os 
M, H =| 3-934 K, He *407 aE = 245 (MsN), H = O18 
re =| 329°-99 « = | 357°°78 _ « =| 276°°82 « =| 213°09 
i = Pt R= ssaeu R= on R= 087 
_— = =! 181°-08 = . 
Msyu=| 076] Pi} Hm) 404] & =| 214 | OeKin u = ae 
ez| 17°16 xzz| 44°°92 te =z| 293°14 « =| 207°°96 
R= 082 R= "080 = eee R = 064 
=| 187°:84 88°64 = = : 
M3 al 088 TEE o72| Bey Hal ([auakn He eee 
‘ eee —_— 
w~ | 299%41 e=| 49°03 k= ‘ie 2 =| 63°81 


Long Pertod Tides. 


Lunar Monthly Tide . ° ° 009 | 3384°:26 7010 | =: 114-14 
, Fortnightly _,, a & a 043 | 78°05 034 | 18°03 
Luni-Solar___,, : . = & 024 | 251°94 025 | 15-9 
Solar-Annual ‘3 ° ' : 057 ALo 0 4 057 824710 
», Semi-Annual ,, , ° 135 857° 13 135 197°°25 
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Bomsay (Prince’s Dock), 1910. 


Short Pertod Tides. 


A, = 8-201 feet. 
g H=R= 085 R= 012 R= 143 R= ‘167 
1U n= ¢=|190°85 |] 4, Je =/ 21914] Q J c=] 145774] op J C=} 45°00 
H=R=| 1594/°°)H=| ‘0138/ “} )H=|  :128 7)H=|  :167 
S, k= t =| 5°58 « =| 207°-24 « =] 61°38 «=| 46°34 
S H= R= 020 R= 002 “R= ee R = "117 
4U «= ¢ =| 2]8°21 ¢ =) 198°-44 = 73 ¢ =| 168°-09 
. fH=R =| 004 MoHe=! 003) %jH=| -028)™S)s5 n=] 120 
“6U ne = 2 =| 18151 x =| 62°56 we =| 187°:02 ko =| 44°12 
S ee — 002 R= "785 rR= ; 968 R= 041 
Wg ec’ =| 184°°76 t= 353°°23 l= 221°°49 = 352°°38 
; O15 =|  -657| Ns Vi =| 939 |?@8M)s9 F_] 04] 
ka! 48°76 Kt =| 317°63 ac —| 116°385 
R 101 R= 1-504 R= ees R= 109 
¢ =| 85°-00 ¢ =| 222°-38 ral. Yt m| 88°12 
M, H= 052 K, H=| 1°402 As H = er 2N, H = ‘lil 
Ke 81°11] «=z! 45°70 c= ede we o=| 294°°38 
R =| 38°958 R= 497 R= ; 234 Re ; 007 
—| 96°4] Y =| 175° 95 Za} 23°94 [ag Y =! 124°-38 
MijH—| 4041] 8#> =| -401] * 9H =| -280 [MeN | © -008 
=| 882°°44 k=! 2°00 we =| 276°°67 « =| 96°56 
R=| ‘077 R=|  -409 R=| 211 R=! -091 
y =| 28°68 Y =| 285°°76 ¢ =| 188°58 MokK),)7 $= 186°-10 
Mon=| -o79|"%37H=| 4001" )H=| 220179" "5 B=! 086 
k =| 22°68 «=| 45°70 c= 300°°65 x =| 195°-45 
R = ‘O87 R = ‘082 R = R =| ‘O8l 
; =| 225°°10 y=| 87°97 7 re Y =! 150944, 
M3 f-l| on | USHal ome | Pepe! OME BEL ge 
K —| 387° 16 Ae =| 48°°36 = k= ae 


Lunar Monthly Tide ; ‘ 016 265°'64 017 45°58 
» Fortnightly __,, . ° . 051 77°07 040 99°-04 
Luni-Solar ,, x , ; | , “041 247° 61 04.2 11°57 
Solar-Annual 3 i : ; 058 50°11 053 380°°17 
» Semi-Annual _,, : : 146 3 58°°48 146 193°-60 
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Manpras, 1910. 
Short Pertod Tedes. 
A, = 2°412 feet. 

S ft =R : "030 R= 003 R= "002 R= "028 
"Le ==, 94°90 M c= 151°-70 Q g =| 118°20 T § =| 319915 
s ee =—-R= 46] 6) H = 004 l1)H= ‘001 7)H= "028 
il « = f =| 269°°-76 x =| 141°30 k=! 29°68 nx =| 320°51] 
Ss H =R = 001 R = ‘001 R = “O17 R = 004 
if w= C=) 845°96 | a, Sf =| 25747 | 7 yo =| 98°24 (MS t=} 79°29 
sfH=R=| 002] “H= 001] “42H S|  -056 “MH =| 004 
GL. x= =| 81°03 ce =) 128°°61 « =| 269°76 a =| 315°-82 
S {® =R = ‘001 R= "106 R= 933 R= °020 
"8L «=f =| 23°96 ¢ =| 268°-37 ¢ =! 140°-52 |, ¢ =| 106°-47 
Ft=! -o95| Nepal -233 |@8Msp =! oa 
K =! $24°42 x =| 237° 44 |e =! 229°-94 
R= 007 R= 324 R = R= "0438 
¢ =| 354°°45 ¢ =| 152°75 ¢ = ¢ =| 253°60 
Mi4u—| 00s! 4H =| -302| *)H= Ney H=| 044 
az| 40°81 wc =| 836°°05 c= « =| 210°-90 
R=! 1-053 R=| 148 R=| 061 R=|  -008 
¢=| 4°31 y=| 84-91] x =, 81226 ¢ =| 151°-82 
Mss | po | X5SuH—| -196| 99 = 063 |(aN4 =| -004 
« =| 240°°85 we =| 270°°92 «x =, 206°°73 we =| 125°°28 
R= 008 R = "096 R= Bas R = ‘010 
¢Y =| 52°70 ¢ =| 168°°16 C =| 54°59 =| 86°39 
My H—| -o0s| Pida=| -o96| “*)H=!  -on | 4 HA! -009 
ko a:| 47°°50 c =/| 3388512 « =| 167°°96 «x =| 146°-22 
R= "003 R = 013 R= R= 002 
y=| 94°40 ¢ =| 215°13 t= _ $ ¢ =| 28°07 
Migs} 003] HH! ole} BAH Gmeey =| 002 
wx =| 207° 47 we =| 175°23 c= wx =| 817°84 


058 218°58 


Lunar Monthly Tide . ; 7068 | 858°°19 
» Fortnightly  ,, ‘ 055 48°04 043 352° 48 
Luni-Solar _,, : 024, 21°15 "025 144°-61 
Solar-Annual ‘ ; 504 278°°46 504 198749 
» Semi-Annual é . 285 267°°78 235 107°°85 
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KrppERPORE, 1910. 
: Short Pertod Tides. 


A, = 10°895 feet. 


si {Ta al l9e°21 ud & =| 82119] g J ¢=/ 100-01} =n Sg =| 156-39 
H=R=!| 1°558 ‘,H= 175 1 = 014 4)H = 2038 
S2U k= t =| 95°61 x =| $12°-48 «=| 17°81 x =| 15777 
g SH=R=| 1107 R= eo R= - 168 Rea! 693 
‘ — » —! 106°65 {= °-8 == | 282°54, Y =| 194°-29 
Haka! 008] Mey H=| 087] E> =| 201 | MSu4 HX] ros 
SSL es C=] 49°48 «=| 257%21 =x] 49°32 «=| 71°87 
Ss H= R= 001 R= 938 R= i 675 R= 066 
e = % =| 321°°34 =| 825°-76 =, 306°71 =| 24.0°°19 
=< O14 H=|” 209 | Ney al egg (28May = 068 
azz | 22°38 =| 44°47 «ea{| 8%]] 
R= 044, R= 454 R= . R = "096 
—| 17°79 % =| 229°-86 t= ¢ =| 351°10 
M4H =| oe) kijual 43] *)Hal 7 "Ns H=| 098 
x =| 184°-42 c=! 58°14 c= ‘< =| 809°54 
R= 3°666 R= ‘550 R= : 286 R= 250 
¢ =| 177°°60 Y =, 265°-49 ¢ =( 122°11] % =| 45°:00 
MsyH=| 3749) 834 H =| 465] * PH=| 292 (GN. | 06] 
ce az| 54°68 «ea, 91°45 «=| 17°38 x =| 19°84 
= | "029 R= °158 R= 242 R= "187 
—! 346°31 ¢ =| 236°63 ¢ =| 65°08 ¢ =| $16°-94 
M4 y=| 030] Fi ) H=| 158] "9H =|  -252 or =| ‘131 
—' 841°-98 x =| 46°62 « =| 17924 x =| 17°29 
R= 737 R = io R= ; R= 048 
=! 27556 t= t= . Y =| 29°85 
M, E a) °768 J H= 017 R, H = oy GME us H= 047 
K 29°72 « =| 825°°46 c= . « =| 820°74 

~ Long Pertod Tides. 

od R | 4 | H ad 
a 
ye | 
J 

Lunar Monthly “Tide 848 | 238°36 ‘875 | 12-68 
: 7 295 | 104°87 281 | 48°22 
Lun‘f-Solar r : : we 278°-59 ne anon 
a acncal : 2-762 | 236°-99 2-762 | 157°-00 
f  Semi-Annoal —,, 1107 | 147°26] 1107] 847%29 
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Port Buair, 1910. 


Short Period Tedes. 


A,= 4°877 feet. 
s H=R= 025 R= 003 R = 019 R = "082 
“TUEn«s fo =| 96°16] a) 6 =| 61°56 | Gg J & =| 350%89 pd & =| 340°96 
s H=R= 979 ‘,H= 003 1‘) H = °017 2) H= *082 
UL « = % =, 313°83 a=z| 58°70 «x =| 268°-66 we =| 342°°35 
Ss {i =R= 005 R= 001 Re "045 R= "014 
S H=-R= 003 §)H= 001 5) H= 054 ‘,H= 015 
lL «=f =, 858°'66 «x =a| 57°65 x =! 273°°36 «x =! 151°56 
g be —-R= 001 = Pre R= ‘ 381 R= 014 
3U« = % =| 355°60 Y =| 246°°4 ¢ =| 178°°60 C =| 28°07 
O, = 154 N, H = "389 (25M), H = 014 
« =| 808°°33 « =| 276°°82 x =| 150° 69 
R= 007 = ; "429 Rx sais R= 046 
{C= 323°°75 c= 4,2°°08 c= oa ¢ =| 299%35 
Moyi=| 004) SoH=; 400] *9H =| 2) | PN HH] og7 
«=| 10°53 wx =} 325° 34 c= eae we =| 258°-4] 
R=| 1-965 =| ahs R=| 119 R=| -004 
| ¢ =| 41°71 ¢ =| 126°13 Y =| 340°52 ¢ =| 118°°74 
M4 =| 2-006) Ss) H=| 265] “JH =| 221 [MeN9 =! 004 
« =z| 279°-09 « =| 312°°07 « =| 236°-22 =| 94°34, 
R= 008 = 1 188 R= 070 R= "016 
xy =| 20°56 Y =| 154°°95 ¢ =| 166° 18 f =| 129918 
Ms H=| 008] IH=| 1398] “9H =| 07s ("7H =| -o15 
ca | 16°63 we =| 824°°95 =| 280°89 « =| 189°-88 
R= 020 a : a R= sas R = ‘005 
—| 49°04 % =| 328°-99 = oe ¢ =| 296°-05 
wd =| 02) 2JH=| ois} Bo He) mnt =| -005 
« =| 103°°80 «x =| 288°°60 k= : =| 22755 
Long Period Tides. 
R 4 | H kK 
| 
Lunar Monthly Tide ; : 021 944°-83 | 023 23° 99 
». Boriehtly-% a. e 2 073 | 782-01 | 057 | 18°53 
Lani-Solar _,, e ; ‘ ; 028 311°-94 "029 74°°56 
Solar-Annual - é : : 226 241°-07 226 16)°:08 


» Semi Annual ,, : i 042 333° 76 173°77 
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OTHER COMPUTATIONS. 
The actual times and heights of high and low water for 1910 at 12 ports 
have been compared with the predicted values published in the tide-tables, and 
the results tabulated. | . 


SALE OF TIDE-TABLES, 


_ The amount realized on the sale of tide-tables during the year ending 
September 1911 is Rs. 2,550-9. 


DaTA FORWARDED To ENGLAND. 


The following data were supplied to the Director, National Physical 
Laboratory, Teddington, England : — 


(¢) Values of the tidal constants for the tide-tables for 1914, ready 
for use in the tide predicting machine. 

(#¢) Actual values during 1909 of every high and low water, measured 
in duplicate from the tidal diagrams at 9 stations, and of tide- 
pole observations taken during daylight at 3 stations, the latter 
under the supervision of the Port Officers, and supplied by 
them to this office. 

(si) Comparisons of the above with predicted values for 1909, the 
errors being tabulated in such form as to be of use in improv- 
ing the predictions. 


ERRORS IN PREDICTIONS. 


The five tabular statements which are appended, show the percentage 
and amount of error in the predicted times and heights of high and low water 
for the year 1910 at 12 stations, as determined by comparisons of the predic- 
tions given in the tide-tables with the actual values measured from the tidal 
diagrams at 9 stations, and from the tide-poles at 3 stations; the former aro 
made in this office, and the latter by the port officials concerned. 


No. 1. 


Statement showing the percentage and the amount of the errors in the predicted 
times of high water at the various Tidal Stations for the year 1910. 


Automatic 
Tide-pole Errors 
ions. “al over 
eee obeorra: actual and 80 minutes. 
tions i 
2 Eerie or 
Per cent. 

Aden e ° * = A uto. . 3 
Karachi . Auto. 32 9 
Bhavnagar - +f TP. 58 0 
Apollo Bandar Auto. $5 @ 
Bombay ieee Dock .| Auto. 86 3 
Madras e e e ° Auto. 86 l 
Kidderpore . - .| Auto. i 
Chittagong. : ot. ITyBe 90 
Akyab . ; : , T. P. 0 
Rangoon . ; .| Auto. 6 
Moulmeia e ° . Auto. 18 
Port Blair =. : -| Auto. 3 
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WORKING OF THE OBSERVATORIES. 


The nine tidal observatories now working were inspected during the year 
by Mr. Syed Zille Hasnain. — - . 

Aden.—As mentioned in last year’s report the communication hole 
at the bottom of the float cylinder had become too large. It was therefore 
removed during this year’s inspection, and a new cylinder which was made by 
the Port Engineer was fixed in its place. The tide-gauge was found to have 
worked satisfactorily since the last inspection. It was thoroughly cleaned and 
overhauled. 

Karachi.—This observatory was found in good order. The communi- 
cation hole at the bottom of the cylinder was partially blocked by barnacles. 
It was thoroughly cleaned and the tide-gauge was overhauled and left in work- 
ing order. There have been nv breaks in the tidal registrations during the 
year. | 

Apollo Bandar (Bombay).—This observatory has worked well through 
out the year. There was one minor interruption in the registration of the tide- 
gauge. | 

Prince’s Dock (Bombay).—There have been a few short interruptions 
in the registration of the tide-gauge at this observatory owing to the pencil 
wire breaking. 

Madras.—As the sluice at the bottom of the well of this observatory 
through which communication between the sca and the well is regulated had 
not been working satisfactorily for the past two years, steps were taken during 
this year’s inspection to have it removed and replaced by a new one. This 
work took some days, and the registrations of the tide-gauge were consequently 
stopped from the 10th to the 21st February 1911. Opportunity was also taken- 
to have the well thoroughly cleaned and repaired. With the exception of the 
above break, there have been no interruptions in the tidal registrations during 
the year. The old entrance to the harbour which was immediately south of the 
observatory has now been closed, and a new entrance has been made in the 
north arm of the harbour. 

Kidderpore.—The tide-gauge at this observatory has worked well 
throughout the year. There was only one interruption of a few hours in tho 
registrations owing to the stoppage of the driving clock. The inspecting officer 
found that a good deal of mud had collected near the bottom of the cylinder 
which was likely to interfere with free communication between the sea and the 
cylinder. The matter having been brought to the notice of the Deputy Conscr- 
vator of the Port, the necessary dredging was carried out. 

Rangoon.—There have been no breaks in the registrations of the tide-gauce 
at this observatory during the year. The tide-gauge and the auxiliary instru- 
ments were thoroughly cleaned and put in order. 

Moulmein.—The tide-gauge at this observatory has worked well during the 
year, except for a few minor interruptions in its registrations owing to the 
stoppage of the driving clock. The inspecting officer found the graduated staff 
inaccurately divided. It was therefore removed and a new graduated staff was 
prepared and fixed in place of the old one. 

Port Blair.—There has been only one interruption of a few hours in the 
registrations of the tide-gauge at this observatory owing to the stoppage of the 
driving clock. During the inspection the zero of the graduated staff was found 
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to differ by 0°1 of a foot from the zero of the tide-gauge. The staff was removed 
and refixed in its proper position so that its zero is now identical with the zero 
of the gauge. 


TIDAL DIAGBAMS AND DAILY BEPORTS. 


The tidal diagrams and daily reports have been submitted regularly to the 
office of this party by the various port officials concerned. 


TIDAL CONSTANTS, 


The tidal observations at the nine working stations for the year 1910 have 
been redueed, and the tabulated values of the tidal constants thus determined 
are appended. There are no arrears, 

The following tables give the amplitudes (R)-and the ‘epochs (%) deduced 
from the 1910 observations at the various stations; they also give the values 
of H and « which are connected with R and¢é in such a way, through the 
various astronomical quantities involved in the positions of the sun and moon, 
that if the tidal observations. were consistent from ycar to year H and « 
would come out the same from each year’s reductions. 
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AvEN, 1910. 


Shoré Pertod Tides. 


A,=5'836 feet. 


g H = R= 095 = ‘007 R = °139 R= "049 
WU « =Z% =| 17873 M % =| 829° 20 Q Y =| 182°69 7 J t= 290°°68 
S {nu = R= °685 6 = 007 l’) H = "125 2‘) H = ‘U49 
3 = ¢=| 241°-96 « =1311°63 «=| 45°36 x =| 291°-94 
S H — = 002 = 001 R= O17 R = 010 
4) «=U =| 262°88 —=| 74°75 Y =| 44°53 =| 246° 41 
5 fH=R=| 004 Mey tt=| 001) x=! 022 | 8p HH! colo 
GU « = % =| 211° 19 x =| 291932 « =| 219°°95 we =| 120°55 
S H = R= ie = ‘ lee R= ; 417 R= Pe 
8U «= { =| 128°°66 Y =| 343°-0 % =| 1289-74 ¢ =| 300°-51 
Fn =| 652) Nepal} -4a5 [PSMs9 =} 007 

=| 36°60 we az} 221°°99 «=| 66°:37 

R= 076 =| 1:397 R= ome R= ‘079 

CS 28 12 y =| 210°:38 t= me Y =| 221° 29 
MjH=| 0399] 4 H=| 1302) *JH=| 2Nsy 17 =| -080 
«=| 78°29 c= 3°77 c= 5 x =| 178°°64 

R= 1°515 R= 226 R= "108 R= "008 

Y =| 351°27 ¢ =| 53°72 ¢ =| 300° 04 Y =| 247°:09 

May =| 1546) Keppel ci91 | "2 =| 220 | N)59 =] 008 

ke =| 225° 41 w= | 239°°'92 « =| 191°01 «sz 214°°49 

| R= ‘016 R= ‘420 R= "069 R= 015 

4 ==/ 201°-94 g =| 228°°50 'é =| 64°°76 =| 37°33 

M, H = 016 P, H= "4.20 Ms H = 072 (MK 1)s H= "015 

«x =| 1938°16 «=| 83°37 nc o| 178°°05 =| 94°87 

R= 006 R= ‘081 R= R= 004 

¢ =! 160°°91 Y =| 66°-02 c= ¢=| 54°64 

M, H = 006 Jy H = °073 R, H= (2MsKi)s H = 004 

« =| 269° 19 awz| 27°50 a x | 389°°53 


Long Pertod Tides. 


Lunar Monthly Tide 263°°46 025 44,°°35 


» Fortnightly ,, ° 69°57 059 16°59 
Luni-Solar _,, ‘ ; 836°:15 009 102°-00 
Solar-Annual - , ; : 5°78 
» Semi-Annual ,, F : 086 281°%73 086 122°°00 
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Karacai, 1910. 


Short Pertod Tedes. 


A, = 7233 feet. 

1U «=f =| 188°-94 M f =| 225°-61 Q ¢ =| 142°-58 T ( t= 10°-68 
me a (= 822°:°68 we | 212° 52 k= 57°59 c= 12°:00 
S H=R= 01] R = "005 R= 033 R= "035 
Une = t= 4°°12 M {= 31°-87 L {C= 103°:95 (MS —— 83°18 
5 fH=R=| 007] Me H=|  -o06] “OH =| — -040 4} =| —-086 
Gl e=a (= 817229 xc =| 254°°41 Kk =| 280° 07 «x =| 818°77 
g H =R = "002 R= , ne R= pea R= O11 
Sle=f =] 74°06 ¢ =| 352":38 {= 4 ¢ =| 333°67 
O,H=| ooo] Nepal -ei9}@SM)e4 Ge) onl 
t= 47°50 c= 2809-94 c= 98°-04, 
R 090 R= 1°430 R= tee R= 115 
Y =| 86756 % =| 223°°06 C= sa if =| 295°°35 
MyH=| -oi¢) S4H=! 1-333) *PH=! ... 2Ne« tr | 118 
— 82°°4.8 c= 46°°39 c= ee ( c= 250°-79 
R = 2°586 R s= 815 R = 3 163 R = 019 
¢ =| 58°83 Y s=| 184°56 ¢ =| 353°75 Y =| 27°82 
M14 =| 2590) X29 H =| -266] "7H =| 166) GF } — -og0 
re =| 294°°46 x =| 820° 64 we sz| 246° 91 ke ==! 858°99 

R= "035 R= oe R= bee R= 013 

4 =} 352°-30 C =| 235°-40 g =| 130°9 ‘4 = 51°82 

MsyH =| 036) JH=| -409] “7 H=| 073) E> FL] ons 

a =| 345°-76 wom} 45°32 k wz] 242°19 rc =| 110°-79 
R= 014 R= ‘077 R= aad R= °029 

Y =| 208°-10 =| 82°64 i= 4 {=| 64°26 
Mon-| ols] 2 )H=| -oe9] > HH QMEis5 77 | -028 
we =| 319°°37 wo| 43°26 = re =! 852° 20 

Long Pertod Tides. 
CANS acerca 
Ke 

Lunar Monthly Tide ; : : 188°97 , 279°-07 

» Fortnightly ,, ‘ ‘ : 75°51 20°91 

Luni-Solar _,, 3 ‘ ° j 356° 43 : 120°-79 


Solar-A nnual ‘ ‘ : ° 165%26 . 88°-38 


Semi-Annual ” ‘ é ‘ ; 329°°85 ° 170°-00 


39 
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BomsBay (Apotto Banpar), 1910. 


Shoré Pertod Tides, 


A,=10 204 feet. 


H=-R= "062 


5 R= °016 R= °139 R= "163 
1U « =f =| 19678 uJ o= 26°°57 qa J i= 145°°18 G =| 44°97 
g fH=R=| 1555] Me ti=| 017 ‘UH =| 125] Tat Hal -168 
Mle ae l= 2°°30 c= 14°°66 _ «=| 60°82 «=} 46°31 
: Rete =R=| 014 R=| -009 R=| ‘016 R=| 085 
= a =| 25]°3] Y =| 114°°57 { =| 332°77 =| 146°°35 
: {isk 002} Mey r=} 010} 4 =|) 019 | Sh) =) ose. 
¢ =| 190°-31 =| 83870 « =| 149°-07 =| 22°38 
S H=R= "002 R= "721 R= 949 R= 036 
8U «=f =| 115°°46 Y =| 352°°78 ¢ =| 218°-37 =|} 3340-00 
Osn=| 645) Ned eal -969 [P8M)s4 GF =| 937 
- ¢ =| 48°31 «x =| 314°°52 w=! 97°97 
R= 094 R=| 1:496 R= a R= "118 
¢ =| 35°39 & =| 221968 CS). aes =| 334°°56 
M4q=| -o48] Sua] 1394] *JHH| 2Ns4 Hal” 190 
coe} 81°50 «=| 45°00 c= a Kx =| 290° 82 
R=] 3°853 R= “481 R= "240 R= 017 
=| 93°96 ¢ =| 171°68 y =| 23° =} 24091 
M, ‘i a 83-934 K, = *4.07 Ai = 945 (MgN), a —_ 018 
te =| 3829°°99 x = | 357°°73 _ ¢ =| 276°°82 we =| 213°°09 
=| ‘074 = 4,0 4 R= 205 R= ‘087 

=| 23°12 =| 2349-98 =! 181°-08 =| 143°: 
Moau=| -o76] Hel 404) “JHo 214 | QGEns i = ee 
x =| 17°16 x =| 44°92 ne =| 293714 x =| 207°-96 
R= *082 R= ‘080 = as R = 064 

=| 187°°34 =z} 88°64 = sus = re 
Mo4Ha| oss) “> Ha] 072) Beyaeal| Tl [meng 8 =P 
w =| 299° 41 e=| 49°03 eel, “2=| 63°81 


Long Period Tides. 


Lunar Monthly Tide ; . : 009 834°26 010 114°14 
» Fortnightly ,, : : ay 043 73°05 034 18°03 
Luni-Solar __,, “5 ; ; : "024 251°°94 025 15°91 
Solar-Annual - ; : : 057 4 4°04 °057 324719 
, semi-Annual _,, , ° 135 337° 13 135 197°°25 
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Bomwsay (Prince’s Dock), 1910. 


Short Pertod Tides. 


55 


A, = 8201 feet. 


« fH=R=| 085 R=| 012 =| +143 
1Le= ¢=| 190985 [a, J ¢=l2l9%14] Q J ¢ =| 45°74 
H=-R=| 1594(Meq nH =! -019);%4H=|  -128 

Sst n= 2 =:| 5°58 k =| 207°24 x =| 61°38 
S H= R= 020 R = "002 "R= "023 
40 «= Y =| 21892) ¢ =| 198°-44, L Y=| 10°73 
. fH=R =| 004 Meyp =| -o03| 42) H=|  -028 
S60 c= £ =| 181°51 x =| 62°56 i =| 187°-02 
S H=R = "002 R= °735 = ‘068 
SU k =e =| 184°-76 ¢ =| 35823 | =| 221°-49 
O; H= 657 3 = ‘989 

k =| 48°76 —| 317°-63 


x ere etre 

rund wu ud 
eo) ts 
% oh 
ne rm) 
~— om) 


x Mere 

nud 
r~ 
On 
(o} 
> 
30 


2 Tue 

nud 
20 
to 
or 
(6) 
fonund 
Oo 


R= 
= 352°: 
eon} ai 
C= 


2N, 


(M2K;)3 


R= ‘167 
-)H= ‘167 
x=| 46°34 
R= ‘117 

% =| 168°-09 
‘i = 120 
fez) 44°°19 


R= "109 
% =| 888° 12 

= ‘lll 
x | 294°°38 


R= "081 
% =| 150°°44 
H= 078 © 
«=| 79°18 


Lunar Monthly _—‘ Tide ‘ . , 016 965°64 
» Fortnightly __,, : ‘ : 051 77°07 
Luni-Solar ,, s ; . 041 247°°61 
Solar-Annual - : , 053 50°11 
» Semi-Annual _,, ; . "146 3 53°°48 


°017 45°-58 


040 22°04 
042 11°57 
053 330°°17 
"146 198°'60 
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Mapras, 1910. 


Short Pertod Tedes. 


A, = 2°412 feet. 


ed 
=) 
cs 
= 


"Une ==; 94°90 M2 i= 151°70 Q ¢ =| 113°-20 7rJi= 319°°'15 
s {® —R= “4.6 ] 6) H = “004 lL) H= ‘001 $)H= "028 
et Oe ae 269°:76 « =| 141°30 x z| 29°68 « =| 820751 
{ x= © =| 845°-96 M Y =| 257947 L {=| 98°24 (MS S =| 79°29 
sfH=R=| 002] “9 H=| 001] “*)7H=|  -056 4) H=| 004 
Clk= ¢ =| 81°03 wc =| 1238°°61 « =| 269°°76 wc =| 315°-82 
S {BR =R = 001 R= 106 R= 233 R = 020 
"8U «=f =| 23°96 ¢ =| 268°°37 ¢ =! 140°-52 ¢ =| 106°47 
“A4n=| 095) NepHal— -e3g [P5824 i =) oa 

we =! 824°42 Kk =| 237° 44 | «==! 22994 

R= 007 R= 824. R = R= "048 

% ==) 354°°45 Y =| 152°°75 C= % =| 253°-60 
MjH=| 00s] SJ H=| -302| *) HE 2Nsd =! 044 
ca=| 40°81 we =| 336°°05 c= « =| 210°-90 

R=| 1-053 R = "148 R = 061 R= 003 

=| 4°93) Y=} 84°91 Y =, §12%26 Y =| 15182 

M34 7 —| 1-075) X3)H =| 1961 7H =| -063 on =|  -004 

re ==| 240°°85 ke == | 270°'92 « =, 206°°73 we =| 125° 28 

R= 008 R= 096 R = "040 R = ‘010 

Y =| 52°70 Y =| 168° 16 Y =| 54°89 ¢=| 86°39 
MoH—| -003| PidH=| -o96| “*H=| -o41 | 4 HA! -o09 

K = 47°°50 nc =| 338°°12 « =| 167°°96 a4 146°-22 

R= 0038 R = 1 R= R= 002 

C=| 94°40 Y =| 215° 13 = \ {=| 28°07 
My; 003) %)H=| -o12| *®JH= Gms =| -002 

we =| 207° 47 we =| 175°°23 cx x =| 817°84 


Long Pertod Tides. 


Lunar Monthly Tide ‘ ‘ , 218°58 068 | 358° 19 
, Fortnightly 4, » «@ 4 055 | 48°04 043 |  352°-48 
Luni-Solar _,, ” . ‘ : 024, 21°15 025 144°°61 
Solar-Annual ‘s : e , 604 278°°46 504 198°-49 
, Semi-Annual _,, ae ee 235 | 26778 235 | 107%85 
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KippERPoRE, 1910. 


: Short Period Tides. 


A, = 10°895 feet. 


s hose R=| ‘001 R= "233 = ; 675 R=|  -:066 
X — ¥ =| 321934 % =| 325°°76 = 306°71 ¢ =| 240°-19 
=. =| 209] NepH =| -689 [P84 =|” «068 
Ka | 22°38 ka} 44°47 eal 38°11 
R = "044 R= "454 R= : R = "096 
=| 187°79 ¢ =| 229°-86 =| |. =| 351°-10 
M3) -o2| Si jHs| 43) * Hal | OM HII 098 
«x =| 184°°42 k=} 53°14 c= = we =| 809° 54 
R =| 3:666 R=| 550 R=| -286 R=|  -250 

=| 177°-60 =| 265°4 =| 12211 =| 45°. 
M, ih = ger K, bi = . ioe "3 B = "802 (M,N), = gr 
c=| 54°68 eo, 91°45 =| 17°38 «=| 19°84 
R=|  -029 R=| -158 R=| 242 R=| -137 
~ \ es, 346731 ¢ =| 236°-63 ¢ =| 65°08 ¢ —| $1694 
Meo =| 030] dH =| 158] FH =| 252] GEN) FL 131 
x =| 841°-98 x =| 46°62 « =| 179°24 | * Kk ==} 17°29 
e R = R = 048 
| 5° c= ‘s {=| 29°85 
| : | as Sas H = "047 
7; k= 2 we =| 320°°74 


Lunar Mouthly_,7 Tide 848 | 233°°36 875 12°-68 
. 295 | 104°-87 281 | 48°22 

: ee 872 | 278°-59 390 | 417-51 

2-762 | 236°-99 2762 | 157°-00 


‘Solar-A nrual i; ° 


Semi-Annual : ; ; 1:107 147°°26 1:107 347°-29 


9 ” 
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Port Buair, 1910. 
Short Period Tsdes. 
A,= 4°877 feet. 

s ie =R= "025 R= 003 R = 019 R = "082 
‘TU nes =! 96°16 M ¢=| 61°56 Q % =| 350°89 T C =| 340°96 
S H =R= °979 6)H= 003 1)H = °017 “3)H = °082 
IL ne = C= 3138%83 az! 53°70 «x =| 268°°66 Kk =| 342°°35 
S ll =R = 005 = Bue Re 045 R= ‘014 
#U« = Y=! 19515 ¢ =! 188%] C=| 96°44 Y =| 274° 18 
‘ fH =R=! 003) Mey Hal -o01] pH =| -054 | S59 =I” p75 
6 «= % =! 353°°66 k=} 57°65 Kk =! 273°36 «x =| 151° 56 
g H-R= 001 R= 172 R= 38] R= 014 
8U «= % =| 355°60 ¥ =| 246°°40 ¢ =| 178°°60 |. ¢ =} 28°07 
On =| 154) Nepal -ag9 [P5294 =] ong 

«x =| 803°°33 «=| 276°°82 x =| 150° 69 

R = 007 R= ' 429 R= se R= 046 

C= 823°°75 4 =—| 142°08 C= oi C= 299° 35 

M, H = 004 K, H = 4.00 MOS = 2N¢ H = 047 
t= 10°°53 k= 325°°84 k= coe a 258° hb) 

R= 1:965 R= 318 R= 119 R = "004 

7) ts] 41°71 ¢ =| 126°13 g =! 840°52 ry ) § =| 118°74 

M, H =| 2°006 K, H = "265 *H= “121 (MsN), H = "004 

we az| 279°:09 «x =| 312°°07 wx =| 236°:22 =| 9434 

R = 008 R = ie 138 R= 070 R = "016 

¢=| 20°56 (= 4°°95 ¢ =| 166°:13 f =| 129°-18 
Mioi=| -o8| 3H=| 133] “JH=| 073 /°%" 4H =! 015 
ca | 16°63 we =| 324°°95 Kk =| 280°89 « =| 189°-88 

R= 020 R= 020 R= sas R= ‘005 

t= 349° 04 C= 328°°99 [= avg C =| 296°°05 

Mis ip=| -o21] ")H=| 018] Bo Ha! MED HL] coos 

« =| 103°°80 «x =| 288°°60 c= f ke =| 227955 


Long Period Tides. 


R ¢ | H K 
Lunar Monthly Tide ‘ °021 244°°83 | 023 23° 99 
| 
» Fortnightly _,, °073 75°:01 057 18°53 
Lani-Solar _,, ‘i ; "028 311° 94 029 74°56 
Solar-Annual ‘i : ‘ "226 241907 226 16)°-08 


4 e 
» semi Annual _,, 


042 333° 76 


173°°77 


Vou. IL] TIDAL OPERATIONS. 61 


OTHER COMPUTATIONS. 


The actual times and heights of high and low water for 1910 at 12 ports 
have been compared with the predicted values published in the tide-tables, and 
the results tabulated. | 


4 


SALE OF TIDE-TABLES., 


The amount realized on the sale of tide-tables during the year ending 
September 1911 is Rs. 2,550-9. 


DATA FORWARDED TO ENGLAND. 


The following data were supplied to the Director, National Physical 
Laboratory, Teddington, England : — 
(¢) Values of the tidal constants for the tide-tables for 1914, ready 
for use in the tide predicting machine. 

(¢¢) Actual values during 1909 of every high and low water, measured 
in duplicate from the tidal diagrams at 9 stations, and of tide- 
pole observations taken during daylight at 3 stations, the latter 
under the supervision of the Port Officers, and supplied by 
them to this office. 

(sti) Comparisons of the above with predicted values for 1909, the 
errors being tabulated in such form as to be of use in improv- 
ing the predictions. 


ERRORS IN PREDICTIONS. 


The five tabular statements which are appended, show the percentage 
and amount of error in the predicted times and heights of high and low water 
for the year 1910 at 12 stations, as determined by comparisons of the predic- 
tions given in the tide-tables with the actual values measured from the tidal 
diagrams at 9 stations, and from the tide-poles at 3 stations; the former arc 
made in this office, and the latter by the port officials concerned. 


No. 1. 


Statement showing the percentage and the amount of the errors in the predicted 
times of high water at the various Tidal Stations for the year 1910. 


Automatio 
Tide- le Errors 
, ide-po a 
are sbaerea: actual and d 30 ainatee: 
tions: i A : 

Ee ee 
Per cent 
Aden e e ° ° Auto. 2 3 
Karachi . Auto. 32 9 
Bhavnagar -  .f TP. 58 0 
Apollo Bandar Auto. $5 2 
Bombay peas, Dock .| Auto. 86 3 
Madras e ° e e Auto. 36 l 
Kidderpore . - -| Auto. T 
Chittagong. : ai) “Pees 90 
Akyab . : ; é T. Pp, 0 
Rangoon ‘ , .| Auto. 6 
Moulmein é ‘ : Auto. 1b 
Port Blair ‘ ‘ -| Auto. 8 
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No. 2. 


Statement showing the percentage and the amount of the errors inthe predicted 
times of low water at the various Tidal Stations for the year 1910. 


Number 
Automatic of Errors Errors over | Errors over | Errors over 
or comparisons of 5 minutes | 15 minutes | 20 minutes Errors 
Stations. Tide-pole botweon 5 minutes and and and over 
observa- | actualand and under under under 30 minutes. 
tions. predicted under. 15 minutes. |20 minutes. |30 minutes. 
values. 
ee nes See een En See anee | eee tear ell 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

Aden . - e . Auto. 667 36 40 10 9 5 
Karachi ° . i Auto. 705 34 45 9 9 3 
Bhavnagar. : ele EP: 365 54 45 0 1 0 

Apollo Bandar.| Auto. 705 36 St 10 8 3 
Bombay 

Prince’s Dock .| -Auto. 698 38 43 10 7 . 3 
Madras . é z : Auto. 705 44 47 5 3 1 
Kidderpore ; .| Auto. 706 16 83 18 21 17 
Chittagong . ; ; fe oan 861 26 28 12 15 19 
Akyab . . é . TP. 865 97 3 0 0 0) 
Rangoon : . -| Auto. 705 25 88 15 17 
Moulmein ; a .| Auto. 705 17 28 12 18 25 
Port Blair ‘ " ; Auto. 703 44 45 7 3 1 

No. 38. 


Statement showing the percentage and the amount of the errors in the predicted 
heights of high water at the various Tidal Stations for the year 1910. 


Number 
Automatic of Mean Errors | Errors over’ Errors over 
or comparisons range of 4 4 inches 8 inches Errors 
Stations. Tide-pole between at inches and and over 12 
observa- | actual and springs and ander 8 under 12 inches, 
tions. predicted in feet. under. inches. inches, 
values. 
eoroo—o—oe See keke eee _ ——— 
Per cent. | Per cent. | Per cent. | Per cent. 
Aden e ; ; ; Auto. 670 67 93 7 sas ts 
Karachi . - : : Auto. 706 9°3 78 20 2 
Bhavnagar. , ‘ TP: 365 31°4 61 31 6 2 
Apollo Bandar .| Auto. 704 13°9 68 27 & 1 
Bombay 
Prince’s Dock . Auto. 696 13°9 70 24 6 
Madras . 5 ‘s 3 Auto. 706 35 72 26 2 ~ 
Kidderpore. ‘ .| Auto. 704 117 34 25 17 24 
Chittagong . ; .| T.P. 359 13°3 34 25 18 23 
Akyab e ; : TP: 864 8°3 85 14 1 ine 
Rangoon ’ , ‘ Auto. 706 16°4 51 26 14 9 
Moulmein ; ;: ; Auto. 701 127 30 24 20 26 


Port Blair . . .| Auto. 705 6°6 90 10 bee aes 
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No. 4. 


Statement showing the percentage and the amount of the errors én the predicted 
heights of low water at the vurious Tidal Stations for the year 1910. 


Number 
Automatio of Errors over | Errors over 
or 8 inches Errors 
Stations. Tide-pole between i d and over 12 
observa- | actual and springs, under 12 inches. 
tions. predicted in feet. . inches. 


Us. 


Per cent. | Per cent. 


Aden * : a ° : 5 ve 
Karachi . ‘ : ‘ «16 1 
Bhavnagar . : ° 33 9 1 
Apollo Bandar. ; 21 4 
Bombay { ; 
Prince’s Dock . : 25 4 1 
Madras. wwe , | : 28 1 
Kidderpore . ° 28 15 14 
Chittagong . . . . P. 26 20 18 
Akyab : , ; 
Rangoon ° . ‘ 16 13 
15 13 


Moulmein r e 


Port Blair ° r 


No, 5. 


Table of average errors in the predicted times and heights of high and low 
water at the several Fidal Statione for the year 1910. 


Automatic | AVEBAGE ERROR}, 


ortide |Mean range 
Stations. pole at springs, 
observa- in feet. Of time in Of height in terms Of height in 
tions. minutes. of the range. inches. 
Open coast. H. W.;L W./ H. W./L W.!| Bw. W.l bn. W. 

Aden... ° ‘ , : 6:7 10 1l 025 025 2 2 
Karachi e ° 93 10 10 027 027 3 3 
Bhavnagar ° . oP. $1°4 5 6 ‘011 013 4 6 

Apollo Bandar . ; 13°9 10 10 018 018 3 3 
Bombay 

Prince's Dock . ; 13:9 10 9 024 018 4 8 
Madras . ; ° 4 : 3°5 9 8 071 071 3 8 
Akyab . ° ‘ ; Pe = 8°3 1 1 020 020 2 3 
Port Blair ° ; ° , 6°6 ll 8 | 025 026 2 3 

General Mean . se va 8 8 028 | ‘027 | a 
Riverain. | 

Kidderpore : ; ‘ 117 18 18 057 "050 8 7 
Chittagong . ‘ ‘ a 13°3 19 18 ‘050 "O44, 8 y 
Rangoon ° . : 16°4 12 13 "030 080 6 6 
Moulmein.. ° . ; 13:7 17 21 "059 ‘039 9 6 


General Mean ; vs va 17 18 
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The foregoing statements for the year 1910 inay be thus summarised :— 


Percentage of time predictions within 15 minutes of actuals. 


Per cent. | Per cent. 


Open coast (6 at which predictions were tested by S. R. tide gauge . 8] 83 
tations. ; 
alc le ” ” ” tide pole ; ‘ 100 100 
Riverain 1, ” 9 ” S. R. tide gauge . 57 52 
pea “el 3 : E tide pole . | 52 55 


Percentage of height predictions within 8 inches of actuals. 


High Low 


water. water. 


Per cent. | Per cent. 


Open coast 6 at which predictions were tested by S. R. tide gauge . 95 98 
stations. 9 ” ” ” tide pele , oi 96 95 
Riverain \ 9 5 . ” S. R. tide gauve . 63 yal 
stations. /) s : ; Gaopele: ey as 


1 
a SAE I I OT, IE ET ET I TE ITI OIE PITS 


Percentage of height predictions within one-tevth of mean range at springs. 


Per cent. | Per cent. 


Open coast 6 at which predictions were tested by S. R. tide gauge , 95 96 
stations. (9 ‘ 53 i tide pole. : 100 100 
Riverain 3 - is ‘3 S. R. tide gauge . 89 94 
stations. l 5 +s ss tide pole. : 91 95 


The predictions for the riverain stations for the year 1910 were compared 
with those for the previous year, with following results :— 

The predictions for high and low water times for 1910 are worse for 
Moulmein and Chittagong and about the same for Kidderpore and Rangoon ; 
for high and low water heights the predictions for 1910 are worse for Kidder- 
pore and about the same for the other three stations. The greatest difference 
between the actual and predicted heights of low water for 1910 at the riverain 
stations was as follows:— 

Kidder pore ‘ 2’ 10” on 19th October 1910, actuals being higher. 
Chittagong ; 1’11” on 5th July 1910, actuals being higher. 
Rangoon . . 2’7” on 22nd July 1910, actuals being lower. 
Monlmejn ; 6” on 22nd July 1910, actuals being higher. 
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PART V.—LEVELLING. 


LEVELLING OF PRECISION. 


By Coroner S. G. Burrarp, C.S.I., R.E., F.RS. 

The three volumes, numbered XIX, XIXA, and XIXB respectively, 
which contain the complete account of the levelling of precision executed from 
1858 down to the end of the survey year 1908-09, have now been published. 

Volume XIX contains a history of the work, a description of the methods 
and a discussion of the results, while the descriptions and heights of the bench- 
marks are contained in Volumes XIXA and B, the former dealing with the 
southern parts of India and the latter with the northern parts. 

The most northerly lines included in Volume XIXA are those that join 
Bombay to Siron] vid Nandgaon, and Nandgaon to False Point v/a Raipur, 
Bilaspur, and Cuttack. 

The heights contained in these volumes are those obtained after the final 
simultaneous adjustment of all the lines of levels to the mean level of the sea at 
nine selected tidal observatories. These values supersede those contained in 
the various levelling pamphlets that have been issued from time to time. All 
levelling pamphlets, published prior to 1911 are now obsoleté, and data should 
not be taken from them. 

In Volumes XIXA and B, each bench-mark is given two numbers, a 
geodetic number which refers to its position on the line to which it belongs, 
and a topographical number which refers it to the degree sheet in which it 
lies. Within the limits of each degree sheet the bench-marks are numbered 
consecutively, so that its serial number, with the distinguishing number and 
letter of the degree sheet, completely defines a bench-mark. These reference 
numbers are written thus, =“. that is to say, the 25th bench-mark in degree 
sheet CO of millionth sheet 40. 

In Volumes XIXA and XIXB, two values of the height of each bench- 
mark are given, namely, the dynamic height and the orthometric height. The 
difference between them and the meaning of both are explained on pages 
99—108 of Volume XIX. 

The orthometric height is that which should be used by engineers, and 
should therefore be given on maps. 

The number of bench-marks enumerated in the volumes is very large, but 
it is to be feared that many are no longer in existence, or are now untraceable, 
owing to the objects with reference to which their positions were described 
having been altered or removed. 

Officers should inform the Superintendent, Trigonometrical Surveys, of the 
condition of all the important bench-marks which they come across. 

The primary bench-marks should always be reported upon, namely, Rock- 
cut, Engraved, Interred, Standard, and Principal stations of triangulation 
(vide Volume XIX, pages 65-66). Other less important marks need not be 
reported upon unless they are found to have been damaged, or cannot be found 
at all, orif there is reason to suspect that they have suffered a change in 
altitude. 

Tidal officers should report to the Superintendent, Trigonometrical Surveys, 
whether the bench-marlis at ports require renovation. 

K 
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The lines of levelling that are now being run are partly to cover new 
ground, such as Assam and Burma, and partly to provide additional points 
within the large areas which are not crossed by any of the old lines. 

The new lines of levelling will be so designed that they may, when 
complete, form an independent level net, connected to sea level at a greater 
number of points than the old one, and capable of an independent simul- 
taneous adjustment. In the meantime, and until such time as they are 
complete, the new lines will, whenever possible, start from and close on bench- 
marks of the old net, and all published heights will be in the same terms as 
those contained in Volumes XIX A and B. 


No. 17 PARTY. 
(Vide Index Map 10). 


By Lrecrenant-Cotong. G. P. Lenox-Conyncuay, R.E. 


During the year another binocular level, viz., No. 6728 by Messrs. Bausch, 


PERSONNEL. Lomb and Saegmuller, was received. 
Imperial Officers. The party now possesses 9 of these 
ge re ee ae charge from Ist instruments. They all are very similar 
= Oh reread tne from 19th October jin appearance, but they are not all 


Lieutenant-Colonel P. J. Gordon,'I.A., in charge equally satisfactory. The object glasses 
from 14th November 1910 to 18th March 1911. 


Lieutenant-Colonel G. P. Lenox-Conyngham, of two, namely Nos. 2625 and 6728, are 
R.E., in charge from 14th March to 30th Sep- very indifferent; they have such large 
iatag te cock teas engin ta Cees, nn ee ee ee 
reports.) to find any state of focus in which 
parallax is wholly eliminated. Most of the instruments also have a serious 
defect in that the eye end cannot be racked out far enough to allow of objects 
nearer than about 40 feet being focussed. On steep slopes it is frequently 
necessary to take shorter shots than this, and consequently it has been neces- 
sary to equip eaeh detachment with another instrument of different make for 
use on steep ground. | 


Level No. 3 by Messrs. T. Cooke and Sons is much superior to the others 
in both the above respects. 

The question of the behaviour of the levelling staves under changes of the 
atmospheric conditions has been closcly watched, but no satisfactory result has 
been obtained. The staves undoubtedly expand when the air becomes moist, 
‘but the action is slow and it is impossible to find any relation between the 
moisture at any instant and the length of the staff. It would be a great 
advantage if a staff could be constructed which would be free from the effects 
of moisture. Experiments on aluminium and stccl have been instituted, and 
it is hoped that something satisfactory may be devised. In the meantime the 
comparisons with the staridard stecl bars are being made as far as possible 
during the course of the field work, and not only after returning to camp, 
so as to obtain as near an approximation as possible to the actual length 
during the levelling. 

A noteworthy point of the work of the past year is that the hills to the 
west of the Indus are now connected to the level net, so that means now exist 
of detecting any change in the relative heights of the Himalayas and an 
offshoot of the Sulaiman Mountains, The connection with the western hills 
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is as yet meagre, but that of the Himalayas is satisfactory being effected by 
seven lines of levels, namely :— 
1. Siliguri to Tindharia. 
. Bareilly to Naini ‘al. 
. Hardwar to Lansdowne. 
. Saharanpur to Mussoorie. 
. Ambala to Solon. 
. Lahore to Dharmkot. 
7. Rawalpindi to Maurree. 


It is desirable that the levelling should be extended from Jacobabad into 
the Baluchistan Hills when an opportunity occurs. 
The following Standard Bench-marks were connected during the year :— 


oO oO Rm O&O NY 


Ahmednagar. 
Dhubri. 
Gauhiti. 
Dibrugarh. 


No. 1 LEVELLING DETACHMENT. 


The following programme of work was allotted to the detachment :— 


PERSONNEL. 
Provincial Officers. 
Mr. E. H. Corridon. 


(1) Levelling to connect a number of 


Mr. D. H. Luxa. supplementary rock-cut pro- 
Mr. T. F. Kitchen. 

Lower Subordinate Service. tected bench-marhs :— 
3 Recorders. 


(a) On the Thal Ghat on the Kalyan-Nandgaon line of 
levels, 
(J) At Bombay. 
(c) On the Bor-Ghat 01 the Kalyan-Kedgaon line of levels. 
(2) Levelling from Poona to Ahmednagar along the road vid Sirdr. 
(3) Levelling from Marmagao along the railway line vid Londa Junc- 
tion to Belgaum. 
(4) Revisionary levelling from Belgaum to Hubli by road vid Dharwar. 
(5) Levelling from Belgaum to Bagalkot by road vid Kaladgi. 


Table I shows the discrepancies between the old and the new values of 
the heights of those bench-marks which are common to the lines of this season 
and to previous operations, Discrepancies which call for remark are to be 
found in the neighbourhood of Igatpuri and at Marmagao. At the latter 
place there is a set of four bench-marks which seem to have sunk by amounts 
varying from 0°8 ofan inch to 2:2 inches. The agreement between the old 
and new values of the remaining twelve bench-marks between Marmagao and 
Margao is so good that it may be concluded with considerable confidence that 
these four bench-marks have proved untrustworthy. 

On the Igatpuri-Kasira line the case is different. Here we have five 
bench-marks near Kasira which agree well and give us confidence that no 
movement has taken place since the levelling of 1877-78. The next four 


bench-marks are not altogether trustworthy as their identity is open to some 
K 2 
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Mapras, 1910. 


Short Pertod Tedes. 


A, = 2°412 feet. 


po) 


g fu =R = 030 R= 003 R= "002 R= 028 
( c= t= 94°-90 M v 151° 70 Q =} 1138°-20 T C= 319° 15 
s = =R= 46] ‘)H= 004 1 = 001 2)H= 028 
3 — C =| 269°-76 « =| 141°30 =| 29°63 x =| 820°51 
g H =R= 001 R= 001 R= 017 R = 004 
f k= % =| 345°-96 M Y =| 257°47 L =| 93°24 MS ¢=| 79°29 
sfH=R=| 002] Mey Hs) oor] “9H =| 056] S09 =| 004 
CL nx =f =| 81°03 x =| 123°°61 =| 269°76 «x =| 815° 82 
9 {® =R = 001 R= 106 R = 2338 R = "020 

*"8 =’%=! 23°96 =| 268°°37 =) 140°:52 =| 106°: 
ai | 0; ti = 095 Ny 8 = 238 esi = oon 
x =! $2442 =| 237°44 | ie =| 229°-94 
R= 007 R= $24, R = sce R= "043 

=| 354°°45 =| 152°°'75 =x hs =| 253° 
M, i = ‘004 K, H = °302 As = ca aE = a 
«=| 40°81 «x =| 386°°05 k= ea « =| 210°-90 
R=! 1:053 R = 148 R= 061 R = 003 
=| 4° 3) =| 84°91 =| 812926 =| 151°-82 
M; fH = 1:075 K, Hi = 126 Ms = 063 (M,N), i = "004 
c= 94.0°°85 nx =| 270°°'92 =| 206°°73 k= 125°28 
R= 008 R= 096 R= 040 R= "010 

=| 52°70 =| 168°°16 =| §4°°89 = es 
My el Moos] Piyatal oe | Mey Hal ost | Ey P| OO O88 
ka:| 47°°50 x =| 338°12 « =| 167°-96 x =| 146°-22 
R= 003 R= "013 R= R= 002 

= °. a °, a = : 
fais) Mo | a4. hz/Mog] mgs) fend FS) Oem 
Kk =| 207947 Ke =| 175°23 c= « =| 317°84 

Long Pertod Tides. 
R 4 H K 

Lunar Monthly Tide . ° ; 058 218°°58 7068 | 358°-19 
» Fortnightly  ,, . ° ° 055 48°04 043 852°°48 
Luni-Solar ,, a : ; ; "024, 21°15 025 144°°61 
Solar-Annual Pr ; e , 504 278°°46 “504 198°-49 


» Semi-Annual __se,, é ° ° 235 267°°78 235 107°85 


—_ 
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Kipperprore, 1910. 


: Short Period Tides. 


A, = 10°895 feet. 


R H=R= "090 R= "165 R= "016 R= 203 

1U «=f =| 192°21 | 4, } f=) 321%19] G S ¢ =| 10001 ¢ =| 15639 

5 fH=R=| 1553] MHS} a] MoH =) ot] TH) 203 

2 c= t= 95°61 « =| 312%43 «=| 17°38) « =| 157°:77 

g H=R= ; 107 R= shea R= ' 168 Re 693 
4 = ¥ =! 106°65 = ig =| 282°°54, =| 194° 

: i= S| -oo8 | Bs Hi =|  -os7 | Ls i =| -20) | (MS). 8 = ects 

a = ¥ =| 49°48 «=| 257%21 «=x! 49°-32 x =| 71°37 

S H= R= oa R= 3 hah R= 675 R= *066 

“( «= =| 321°°34 c= ae t= 6°71 f =| 240°-19 

AFH =| 209] Nep HH] egg [2824 =| ~~ ogg 

eae | 22°38 Koa) 44°47 _— 8°11 

R= 044 R= "454 = R = "096 

¢ =| 137°79 ¢ =| 229°-86 = ¢ =| 351°10 

Misy—| 022) 4H =| 423] 8 PHS "Ned H =! -098 

K =| 184°°42 ea| 53°14 k= e wx =] 809%54 

R = 3°666 R = *550 R = 286 R= 250 

¢ =| 177°60 ¢ =| 265°-49 ¢ =| 12211 ¢ =| 45°-00 

™ E —| 3749/8394 =) -se5] 7 H=| 292 (GN. RH] 06] 

ca} 54°68 ozzy 91°45 «=| 17°38 eal 19°84 

R= 029 R= °158 R= D492 = 187 

% =| 346°°31 f =| 236°63 ¢ =| 65°08 ¢ =| 816°94 

Meso ui —! 030) % Hel +158] “ JH=| 252 |KO 37 

te =z, 841°°93 x =! 46°°62 we =| 179° 244° «=| 17°29 

R= 737 R= 018 R= Sate = 048 

 \ Y=! 275°56 y=] 5°68 Bel ons =| 29°85 

Moy =| +768) "%9H=| -o17) 9H =) CL EDK! 047 

fom. «6029°°72 te =| 825°°46 c= oe a | 820°74 


Long Pertod Tides. 


Tide 348 |  288°36_ 12°-68 
: 295 | 104°-87 281 | 48°22 

, 872 | 278°59 “890 | 41°51 
2-762 | 236°99| 2762] 157°00 

.| aio7 | 147226 | = 1-107 | 847%-29 
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Ranaoon, 1910. 


Short Pertod Tides. 


A,=10°378 feet. 


R= : R= "027 R= 937 
S ¢ =| 94°48 ¢ =| 114°31 ¢ =| 195° 35 
Ha 221 SH=| 024] THR Sl -237 
S, «=| 87°31 Ke 82° 44 « =| 196°75 
H=R= R=| ‘104 R ‘407 R=| -495 
“lea t= ¢ =/ 227979] 7 Se pt (Ms), $= 332°25 
H=R=2 H= 118 2) H 486 4) H = 506 
a er ae x =| 98°24 « =| 127°20 x =| 209°-86 
g H = R= Rs "812 R= 1°003 = "197 
Oo, as Oo, pone 0. 
ae a tera | Ned =| tons (289023 6 =| ON ete 
k= 21°°65 w« =| 121°°38 «=| 50°07 
R=, 058 taal POEL a a 
= 75°86 = 9 . ; == ec5e = : 
M, i= 97 | & ti = 604 “JH=| oN, = 293 
aw. =z} 122° 75 e=| 32°44 k= eee xen! 37°55 
R= 5°752 R= ‘716 = : noee R= ; ae 
953° 37 =| 344.°°09 % ==/ 200° =| 191° 
My fe 5-373 | Ks fi —| 66) “JH= “394 (MAN).5 Fo 194 
«. =| 180°-98 « =| 170°°01 xe=| 96°93] . « =| 167°53 
R=|  -084 R=| 212 R=|__ :508 cR=| +187 
170°-68  ¢ =| 244°31 ¥ =| 182°-02 g =| 6°89 
M; f= 035 P, fi = 212 ’s, H= 530 (MK), H = 178 
«x x=| 167° 10 T° ea| 54°31] « =x| 297°°24 c=} 67°25 
R = "539 R= a R= : — ao 
= 52°°60 = 155 . = or = ° 
M, H = “562: J, : ee "029 R, = (2M3K,), H pa 1238 
x | 167°82 « =| 115° 21 = «=| §1°11 


Lunar Monthly Tide 2.38°83 


” Fortnig htly re) 9 8°: 38 


Luni-Solar _,, F 286°-80 19-19 
\ 
A 
Solar-Annual _ : Se @ 231°-63 151°-63 
) Semi-Annual »» e ° e 158°-70 
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Movutmern, 1910. 


Short Period Tides. 


A, = 8°623 feet. 

g H=R = 104 R= "082 R= 034 R = "145 
lde =’ =| 141°:37 M C= 178°°60 c= 144°°54 ¢ =| 163°°34 
g fH=Re=| 1500]"*7H=| 087 Q+H=| 031] Tr4H =! 145 
20 wf =| 142°°39 X ¢ =} 171°73 x =| 62°83 « =| 164°°-74 
H=R = "087 R= 053 R=|  -336 R= "797 
S,{ =-/fs 9°40 =| 227°-51 = | 297°°78 =| 819°-50 
See lon | Hal -os7 | Ue 4ae]l tor | MSG Al esta 
36) ce = % =| 188°-95 =| 98°-35 x =| 114°-8] x =| 197°21 
R= Q46 R= *728 R= °150 
H=R=| ‘008 \ ¢ =| 348°-54 ¢ =| 357%44 ¥ =| 272°-79 
sf, =r =| 254°93 | OF = 220 Neon =| -743 [P5Me9 =| 153 
«| 45°81 x 2) 96°17 «x =} 85°08 
R= 043 R= 504 R= 5 R = 173 
M3 al oes] Hal seo * onal | NaH al are 
x=} 139°74 | Si Ce =] 342-24 a x =| 8°06 
R=/| 4024 R= °495 R= 269 CR = 317 
¢ =| 281°61. & =| 319°:68 % =| 179°°89 Y =| 171°:04 
M, H= 4109 H= °419 *JH= 975 ac | = 330 
< =| 109°-82 x =| 145°-60 { « =| 76°08 we =| 147°-47 
R= 030 CR= °167 R = *884 R= -190 
= 175°°53. i Z = 249°°45 "4 =| 168°°63 MK, C = 7°75 
M; K = 031 P H = 167| JH = ‘401 eens H= 181 
ne | 172°09 lt gg =| 59°46 « w| 279°°05 x=] 68°71 
TR= 914 R= 014 Re] as R= 108 
Ny al age3g] Se =] 18677 t=|... \¢ =| 1249-08 

M 4 = ; R, (2315K;)s es : 
‘JH= 953 J, H = ‘O12 | Hx se )H= 105 
« =| 158°°74 L « =| 96°19 C= ; “| 56°25 


Lunar Monthly Tide : j ; ‘367 240°:23 *396 19°22 
» Fortnightly _,, : : : “4.06 97°97 318 41°13 
Luni-Solar _,, 5 ‘ ; : 1:176 2$2°°37 1:20] 44°66 
Solar-Annual % | ‘ . : 2°26 23252 2°286 152°51 
» Semi-Annual _,, : : : "561 120°:07 ‘561 320°°05 
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Port Buair, 1910. 


Short Period Tsdes. 


A = 4°877 feet. 


R Ve =R= 025 R= 003 = ‘019 R= "082 
“IU «=o =| 96°16 | ay ) S =| 6156] GQ =| 350°89 pd & =| 340°96 
° H=R= 979 ‘,H= 008 i = °017 3) H= *082 
{ « = (=, 318° 83 «=| 53°70 «x =| 268° 66 we =| 342°°35 
+L ne = ¢ =| 195%15 (= =| 96°44 ¢ =| 274°°18 
<fH=R=  -003| Mons) ool} MH =| 054] S09 =| ons 
{ x= % =. 358°66 xe =3{ 57°65 x =| 278°°36 « =! 151°66 
g {i —-R= 001 = 172 R= 381 R= 014 
SU «= % =| 55°60 ¢ =| 246°-40 % =| 178°-60 { =| 28°07 
O14 =| 154] Nepal -agg [(28™)s4 GF =} ong 
«x =| 808°°33 «x ==] 276°°82 « =| 150° 69 
= 007 = ; “429 = & R= 046 
% =| 323°75 ¢ =| 14208 c= if § =| 299°35 
MjH=| -004) “3 H=/ -400| *PH=| 2) Ney =| -047 
=| 10°53 Kx =} 825° 34 = wea « =| 258°-41 
R= 1°965 = is on R= 119 R= 004 
¢ =| 41°71 ¢ =| 126° ¢ =| 34052 ¢ =| 118°-74 
Ms4 i =| 2000) S84 H =| -265) “99H =! +227 [MeN GK] 00g 
« ==| 279°-09 c= 812°-07 w« =| 286°°22 xe=| 94°34 
R = ‘008 = i 188 R= 070 R = "016 
y =| 20°56 ¢ ==} 154°95 %Y =| 166°°138 ¢ =| 129°-18 
Mi e=| 008] pHa} iss] “JH=| -o73 |" > H=| 015 
a= | 16°63 x =| 3824°°95 Kk =| 280°89 « =| 189° 88 
= 020 R = "020 R= Ne R = 005 
x =| 349°°04 ¢ ==| 328°-99 ¢=| ¢ =| 296°-05 
ed § =|" -o2l] 24H=| -018| pHa OES Kl 008 
«x =| 103°°80 « =| 288°°60 c= ; i == | 22755 
Long Period Tides. 
R ¢ | H K 
—————————_ ————- 
Lunar Monthly Tide , . 021 244°-83 | 023 93° 99 
» Fortnightly _,, : , 073 75°01 | "057 18°53 
Lani-Solar __,, " ee 028 | 311°-94 029 | 74°56 
Solar-Annual 3 . ; ; "226 241° 07 "226 16)°:08 
» Semi Annual ,, . 7042 | 338° 76 173°°77 
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OTHER COMPUTATIONS. 
The actual times and heights of high and low water for 1910 at 12 ports 
have been compared with the predicted values published in the tide-tables, and 
the results tabulated. | P 


SALE OF TIDE-TABLES. 


The amount realized on the sale of tide-tables during the year ending 
September 1911 is Rs. 2,550-9. 


DATA FORWARDED To ENGLAND. 


The following data were supplied to the Director, National Physical 
Laboratory, Teddington, England : — 
(¢) Values of the tidal constants for the tide-tables for 1914, ready 
for use in the tide predicting machine. 

(tt) Actual values during 1909 of every high and low water, measured 
in duplicate from the tidal diagrams at 9 stations, and of tide- 
pole observations taken during daylight at 3 stations, the latter 
under the supervision of the Port Officers, and supplied by 
them to this office. 

(é¢) Comparisons of the above with predicted values for 1909, the 
errors being tabulated in such form as to be of use in improv- 
ing the predictions, 


ERRORS IN PREDICTIONS. 


The five tabular statements which are appended, show the percentage 
and amount of error in the predicted times and heights of high and low water 
for the year 1910 at 12 stations, as determined by comparisons of the predic- 
tions given in the tide-tables with the actual values measured from the tidal 
diagrams at 9 stations, and from the tide-poles at 3 stations; the former are 
made in this office, and the latter by the port officials concerned. 


No. 1. 


Statement showing the percentage and the amount of the errors in the predicted 
times of high water at the various Tidal Stations for the year 1910. 


Automatic 
or 
Stations. Tide-pole 


ee ee Per cent. 
Aden . . © «|. Auto, 36 
Karachi . Auto. 32 
Bhavnagar . . T. P. 58 
Apollo Bandar Auto. 85 
Bombay 1 ase Dock .| Auto. 86 
Madras . ; ; .| Auto. 36 
Kidderpoe . - «| Auto. 
Chittagong .- . -| T.P. 
Akyab . és ‘ oe oD 
Rangoon p ‘ ‘ Auto. 
Moulmein ° ‘ .| Auto. 


Port Blair e ° e Auto. 
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question ; the remaining three are satisfactorily identified ; they are respectively 
_ 813, 927 and 970 fect above Kasira and show discrepancies of 0°164, 0-186, 
0225 feet. The fairly good agreement of these three quantities inter se, 
and the progressive increase in the differences, do not point to accidental move- 
ments of the bench-marks ; the evidence is rather that the marks have retained 
their positions, but that there is a systematic difference between the old and 
the new levelling. The appearance of the discrepancies leads one to suspect 
an error in staff length, and if this be accepted as the cause, preference must 
be given to the modern work, as much greater attention is now given to the 
comparisons of the staves with the standard than formerly. Furthermore, since 
the error of the height of any point, due to this cause, will be directly pro- 
portional to the elevation above sea-level, the error at Kasara will be less than 
that at Igatpuri, and the heights of the new rock-cut bench-marks have 
therefore been deduced from the old value of that of Kasara, though the line 
was actually run from Igatpuri. 

Line Marmagao to Belgaum.—The line Marmagao to Belgaum closes a 
levelled circuit, viz., Marmagao, Belgaum, Hubli, Karwar, Marmagao; all the 
parts of which, except the line Kérwar-Marmagao (1886-87), have been con- 
nected or revised recently. ‘The length of the circuit is 322 miles, and the 
closing error, using the observed differences of level throughout, is 0°308 of a 
foot, as shown below : 


Distance Observed difference 


Lines in of elevation Date. 
wiles. in feet. | 
From G. T.S. At Tidal observatory ‘) 
O Marmagao to G. ae S. | 
Penn 102'1 + 2439-021 | 1910-11 
at Railway aes 
Belgaum. 
From G. T. 38. At Railway Station 7 
O Belgaum to G. T. S 
B. M. rar \ 60°3 — 394°722 1910-11 
at Hubli. ae 
From G.T. 8. At Hublito G. es S. 
oO -Q: 
B. M. a 102°7 — 2045-893 1907-08 
at Karwar. 
From G. T.S. At Karwar to G. . S. } 
o 
B. M. 56°7 + 4°283 1886-87 
at Tidal one | 
Marmasao. J 
821-8 _ 0-308 


Until however the dynamic or the orthometric heights of the stations have 
been deduced, no conclusion can be drawn from this apparent closing error, 
for an errorless circuit of observed differences of level will not in general close. 

The orthometric heights of the Marmagao and Belgaum bench-marks, 
given in G. T., Volume XIXA, differ by 2507°565 feet ; applying an approxi- 


Vou. IT.] LEVELLING. 69 


mately computed correction to the difference of level between these bench- 
marks as now observed, we obtain 2507°190 as the difference between their 
orthometric heights, showing a discrepancy of —0°375 between the old and the 
new values. The length of the new line Marmagao-Belgaum is 102 miles, 
so that, if the old values which are the result of the simultaneous reduction 
are considered errorless, an error of 0:0037 per mile has been generated in this 
new work. 

Revision of line Belgaum to Hubli.—The result of the revisionary levelling 
from Belgaum to Hubli is also given in Table I. It was decided to have this 
portion of the line revised, as the revisionary levelling of the line Karwar to 
Hubli had shown a big discrepancy, viz., 0°68 of a foot, between the old and 
new values of two bench-marks, one at Hubli and one 40 miles therefrom (vide 
page 335, G. T., Vol. XIX). The present levelling shows satisfactory accor- 
dance with the 1878 work, and proves that the embedded bench-mark at Hubli 
has not been disturbed since its original connection in that year. 

The revision of the line Belgaum-Hubli also assists in settling the contro- 
versy which arose between the levelling officers and the Computing Office 
about the connection between the levelling of 1873-74 and that of 1907-08 
(vide para. 12, page 335, G. T., Vol. XIX.) 

The present levelling shows that the arrow B. M. * at Hubli is 2:390 feet 
above the embedded bench-mark ft fixed in 1878; in that year this difference 
was found to be 2°365, but the stone on which the arrow is cut is neither 
smooth nor level, and the exact spot on which the staff should be held is not 
defined, so this agreement is as good as could be expected. 

Referring to the records of 1873-74 we find that the arrow B. M. was 
2061'18 feet above mean sea-level. The operations of 1878-79 made this height 
2062°34, and the present levelling gives 2062°53. These values are all un- 
adjusted observed values, not orthometric heights. The evidence is now con- 
clusive that the arrow B. M. suffered displacement between 1873 and 1878, and 
that there is no link between the work of 1873-74 and that of 1907-08, 


No. 2. LEVELLING DETACHMENT. 
This detachment had for its programme — 


PERSONNEL. (1) To level from Gauhati to Dibrugarh. 
Provincial Officers. 
Mr. O. N. Pushong. (2) To connect the standard bench-marks 
Mr. D. H. Luxa, until Ist March 1011, at Dhubri, Gauhati and Dibrugarh. 


wee. Subordinate Service. 
a (3) To commence a line of levels from 
Lower Subordinate Service. 


8 Recorders. Gauhati to Chittagong. 


This season 2 hench-marks of the embedded type which were laid down 
were moulded of stone cement concrete. The lettering on these bench-marks, 
in order to make them conform to the usual design, was done by the detach- 
ment, and the material appcared unusually soft under the chisel. It remains 
to be seen whether bench-marks so composed are as durable as those made of 
stone. 


* —-— of line 29. 
t 236 of line 29. 
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No. 3. LEVELLING DETACHMENT. 
The following programme of work was allotted to the detachment :— 


PRRSONNEL, (i) Levelling from . Ambala, along the 
Provincial Officers. ; ‘ a ° 
Mr. A. M. Talati. a Delhi-Ambala-Kalka Railway, to 
r. O. D. Jackson. = | h 
e 
Lower Subordinate Service. Kalka and thence along t 
3 Recorders. Simla road to Solon. 


(ti) Levelling from Dera Ismail Khan along the Bannu road to 
Chunda, at foot of the Marut range. _ 
(tit) Levelling from Daryaé Khan to Rawalpindi along the Kacha road 
vid Jandanwala, Khushab, Kathwai, Jaba and Talagang, with 
a branch line from Khushab to Shahpur, crossing the Jhelum. 
(tv) Levelling from Nowshera to _— Cantonment along the 
Mardan road. 
(o) Levelling from Rawalpindi to Murree along the Kashmir road. 


- The seven proposed lines of precise levelling to connect the Himalayan 
range with the main lines of levels have all been completed, now that the 
onnections of Ambala to Solon and Rawalpindi to Murree have been made. 
he line from Dera Ismail Khan to Chunda connects the rocky range west 
of the Indus to the main lines of levels, as well asto the Himalayan range 
direct, vid Daryaé Khan and Rawalpindi. 
- The line Darya Khan to Rawalpindi vid Khushab breaks up the large 
circuit Murghai-Chach-Lahore-Ferozepore-Murghai (parts of which were 
worked as early as in 1859) into two parts, namely, Darya Khan Chach- 
Rawalpindi Darya Khan and Darya Khan Rawalpindi Lahore Ferozepore- 
Murghai Darya Khan ; the second of these will be further broken up into 
three smaller circuits next field season. 

Closing error.—The height of Rawalpindi above Darya Khan deduced 
from the corrected orthometric. heights given in G. T., Volume XIXB, is 
+1101°582 feet; the observed value of this height given by the new line of 
levelling is +1101°817 feet; this reduced to orthometric terms is approximately 
1101°772. Thus showing a discrepancy of 0°190 foot in 212 miles. As the 
heights of all bench-marks connected up to 1909 have been adjusted and 
_ published in Volumes XIXA and XIXB, this discrepancy will, for the 
present, be dispersed between Darya Khan and Rawalpindi. 

Table I shows the discrepancies between the old and new heights of the 
bench-marks of the original levelling which were connected this season. The 
check-levelling at Ambala shows a certain peculiarity ; all the bench-marks at 
the railway station and at the Royal Horse Artillery lines agree well together, 
but show a discrepancy with the standard, while the latter agrees well with 
the two bench-marks at the Church. This will be investigated by a re-check 
levelling of all these bench-marks, when an opportunity occurs. 
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TABLE I—No. 1 DetacuMent. 
Discrepanctes between the old and new values of bench-marks. 


' OBSERVED HEIGHT ABOVE | Difference 
(+) OR BELOW (—) BTART- | (Check—Origi- 


ING BENCH-MARK AB nal). The 
oe tance |———___ OCs dents that 
Description of bench-marksa of the | from the height was 
Original levelling that were connected | start- greater and REeMABKs. 
for check levelling. ing the sign — less 
bench- Original Check in 1910-11, 
marks.| jeveili levelling, than when 
ng. 1910-11. originally 
levelled. 
Miles. Feet. Feet | Feet 


Check levelling between Igatpuri-Kasara, part of main line 33 (Kalyan to Nandgaon), 1877-78. 
G. T. S. At Kasara Ry. Station ~| 00 0:000 | 0:000 0'000 i: 


0 

B. M. ; 
G. 7.8. At Dharameals, Kestra | 0'3 —9'528 —9°551 -—0'023 
B. M. 


G.T.S. At bridge No. 275, at mile} 12) — 185°5382 | -—186°561 —0°019 
O 76, Bombay-Nasik Road. 


G.T.8. At drain No. 278 near fur-| 14) —124252 | —124°262 —0010 
O 
B. M. _ long stone No. Bombay 
_ G.T. 8. At bridge No. 290, 1 furlong | #2'2 +22°640 +22°654 +0°014 | *Seemed to be identi- 


O south of mile plate No. 76, cal with B.M. No. 60 


B.M.  Bombay-Nasik Road, shown as destroyed 
in levelling, Volume 
XIXA. 


G. T.S. At parapet wall 2 chs. south | +52 +163°857 +163°790 —0'067 |f Same remark as 


O of mile 79 Bow bay. above, but identical 
B. M. with No. 62. 
G.T.8. At drain No. 318 near fur-| {65°7 +290°354 +290°280 —0074 | {Same remark as 
O "9 above, but identical 
b. M. long post T° Bombay. with No. 58. 
G.T.8. At Toll House, mile 22} geo! +4361-489 | +361°475 +0036 | § Same remark as 
O Bombay. 6 above, but identical 
B. M. with No. 64. 
O Atdrain No. 184 . -| {63 +416°312 | +416°858 +9046 | || Same remarks as 
B. M, above, but identical 
with No. 65. 
B.O. M. At drain No. 27, 87 chs.| 88 +813°195 +813°259 +0°164 
west of mile 83, Bombay. 
ma At bridge No. 30 ‘ -| 96 +927°599 | +927°785 +0186 
G. T. S. At Igatpuri Railway Station | 12:0 +969°861 +970°086 +0°225 
O 
B. M. 
Check levelling between Karjat-Palasdhari, part of main line 31 (Kalyan to Kedqaon), 190€-07. 
G.T. 8. At Karjat Ry. Station -| OOo 0-000 0'000 0°000 
0 
B. M. 
G.T.S. At bridge near Telegraph 09 — 9°247 —9'219 +-0028 
0 
B.M. post No. “ ‘ 


G. * 8. At Palasdhari Ry. Station .| 17 +35°046 +35°056 +i1'010 


B. M. 
Check-levelling at Khopolt, part of main line 31 (Kalyan to Kedgaon), 1906-07. 


G T.S. At Khopoli By. Station 0:0 0:000 0000 0:000 | 
W 
B. M. 
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TABLE I—No. 1 DrracnmMent—conttnued. 
Discrenanctes be'ween the old and new ralues of bench-marks — contd. 


OBSERVED ABIGHT ABOVR ; 
(+} OR BELow (—) start: | Difference 


ING BENCH-MARK 48 (Check —Origi- 
Dis- DETERMINED BY nal). ane 
tance: | soiude, 
Description of bench-marks3 of the | from denotes that 
aie : the height was 
original levelling that were connected | start- rorya REMARES. 
for check-levelling. ing ie en — leas 
tag Original ae in 1910-11, 
mark. | levelling. 1O1E. than when 
: originally 
levelled. 
Miles. Feet. Feet. Feet 
G. T. S. At Goods platform, Khopoli; 0-1 +3:073 +3°069 —0:004 
0 Ry. Station. 
B. M. 
G. T. 8. At bridge, 17 chs. north of 0:3 —2°106 —2°113 —0'007 
O Khopoli Ry. Station. 


B. M 


Check-levelling between KhandGla-Lonavla, part of main line 31 (Kalyin to Kedgaon), 1906-07. 


G. T. 8. At Parsi Dharamsala Khan-| 0:0 0:000 0-009 0°000 
O dala. 

B. M. 

G. T.S. At Khandala Ry. Station .| O68 | +17:494 | +417°472 —0°022 | 
0 

B. M. | 


Check-levelling between Poona and Kirkee, part of main line 31 (Kalyan to Kedyaon}, 1906-07. 


G. T. 8. Standard Bench-mark at{ 00 0-000 0:000 
Assistant Commanding 
Royal Engineer's office, 
Poona. 


0°000 


G.T.S. At reservoir of old water; O11 +14:997 +14°990 —0°007 
O works tower near Arsenal, 
B. M. Poona. 


@. T.S. Standard Bench-mark at All| 6:0 —12°518 —12°510 +0°008 
Saints’ Church, Kirkee. 


Check-levelling at Marmagao Branch line 174 (Ka rwar- Marmagao), 
1856-87. 


G. T.S. At Marmagao Tidal Obser-{ 0:0 0°000 0-000 0-000 
a vatory. 
M. 


G. T. 8. Ditto ditto -| O11; — 3:637 — 3719 — 0182 
O 
B. M. 


G. i S. At teeta a Be opposite; 15; + 0810 + 0°715 — 0°095 
ooking Office, Vasco-da- 
B. OM. Guma Railway Station. nerd sunk. 
G. T. 7 At masonry plinth, Vasco-| 14 | + 0045 — 0°023 — 0068 
B.0.M. da-Gama Railway Sta- 
tion. 


G@. T. S. At railway bridge, 3 mile | 1:9 + 5:769 + 6°689 — (0080 
B. O. M. enst of Vasco- da-Gama‘t 
Railway Station. 


q. T. 8. At bridge No. 4, 1-9 miles 
O east of Vasec-da-Gama 
Railway Station. 


Qo 


3°3 +79°870 +79°883 + 0:013 
| 


8. At drain 12 cha. east of mile| 674 +38°822 +38°816 — 0006 | *Seems tote identi- 
M. 7 Marmagao.* cel with B. M. 36 
of brxnch line 


At bridge 10 chs. east of | 95 | +16°745 + 16735 — 0010 17-A. 
G.T.S. Cansaulim Railway 


B. M. Station. 


B. M. 

G. T. 
iB. O. 
O. 
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TABLE I.—No. 1 Detrscument—-continucd. 
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Discrepancies between the old and new values of bench-marks—contd. 


OBSEBVED HBIGHT ABOVE 


O Margao Railway Sta- 


B. M. tion. 


(+) OB BELOW (—) sSTART- Difference 
IN@ BENCH-MABK AS (Cheok— 
Die- DETERMINED BY Original). 
tance The sign + 
Description of bench-marks of the from denotes that 
original levelling that were connected | start- the height Rewinke: 
for check-levelling. ing : write ue 
bench- set Check- | md 
Original . less in 1910-11 
mark. leve ing: teeost ce han when 
: originally 
levelled. 
Miles. Feet. Feet. Feet. 
G.T.S. At penee near telegraph | 10°7 +22°108 429101 — 0:002 
B. O. M. post No. t¢- 
G.T.8. At bridge near telegraph) 116 | +18347 | +18339 | = 0-008 | f Seems to be identi- 
B.0.M. post No. ¥'T cal with No. 31 of 
: branch line 17-A. 
- G. T. §. At bridge between telegraph | 16:1 — 0°700 — 0725 — 0025 
O posts Nos. }§ and ¢§. 
B. M. 
G. T.S. At Margao Railway station} 16°1 +11°956 +11°937 — 0019 
O 
B. M 
G.T.8. At Navelim 1771) + 9°636 + 9:608 —_ 0024 
O) 
B. M. 
G. 7.8. At Margao-Masan (Hindu} 167 +64'368 +-64'367 — ool 
oO burning place.) 
BM. . 
G.T.8. On platform coping op-| 162) +11°600 +11°484 — 0016 
O posite booking office, 
B.M. Margao Railway Sta- 
tion. 
G.T. 8S. At plinth of iron column, | 16°3 +10611 +10°500 — 0011 


Check-levelling at Belgaum main line 29 (Nira to Hubli), connection of standard 
bench-mark, 1908-09. 


q. T. 8. At Belgaum Railway Sta- 
O tion. 


B. M 


G. 1.8. Standard 
Belgaum. 


Bench-mark, 


G.T.S. At Post Office, Belgaum 
O 
B. M. 
B. ® M. At Bhimrao Patel’s House 


in Bazar, Kelgaum 


G.T.8. At drain at junction of 
O Fort and Station road 
B. M. with Dharwar-belgaum 


Road. 
G.7T.8. At drain at junction of 
O Fort and Station road 
B. M. with that to Race-course. 
q@. T. S. At Belgaum. 


0 
B. M. 


00 


07 


03 


06 


1:0 


12 


16 


0°000 


+ 68212 


—6°117 


—5'971 


—8° 486 


—1713 


+18'341 


0:000 


+68'216 


— 6119 


— 6985 


— 8488 


— 1716 


+18'382 


0°000 


+ 0003 


— 0°003 


— 0014 


—0:003 


— 0°002 


+ OO41 
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TABLE I.—No. 1 Dreracument—coneluded. 


Discrepanctes between the old and new values of bench-marke—concld, 


OpsBRVBD HEIGHT ABOVE | 
(+) 0% BeLow (—) stant. | _ Difference 


BM. 


ING POINT a8 DeTER-  ,(Revised—Ori 
Num-| Dis- MINED 25 Sisal) thee 
Desoription of bench-maeks of the | bér | tanoe that the height 
original levelling that were comnested | v7 cee was greater | Baemaexs. 
uring the revisionary opesatians. XIx- om and be ry 
A. | point. 11, than it was 
when original 
ly levelled. 
| Miles. | Feet. Feet. Feet. 
Rensaion line No. 20—Belgawm- Hubli. 
G.T.S. At Belgaum . 212; 00 0-000 0-000 0°000 — 
O 
B. M. 
G.T.8. At bridge 251 ner F.8.| 215 | 122] —~968°361 | —2e3:388| —g097 
0 225 
B. M. “TT 
G. T.8. At Bagevadi . 216 | 12232; —272-010 —272°045 —0°035 
O 
B. M. 
G.T.S, At Mugat-Khan Subli 917) 170] —s09088| —se0157| —o-vgo 
0 
B. M. 
B.O.M. At bridge 272 hetween| 248 | 17°83} ~—~867-231 | —867°317 —0'086 
231 
F. 8. Nos. 3 and 4. 
B. O. M. At bridge 278, 4 obs. north | 219; 183] 888250 | —388:598 —'318* | * Probably dis- 
of mile 18, Belgaum. Lurbed. 
@.7.8. At Hulikati . 221 | 23:5 | —214483| —giase4| —0-111 
0 
B. M. 
Culvert No. 83(6 near mile 26,| 222) 25°4 —134°767 —134°777 —~()0B0 
Belgaum. 
Culvert No. 333 between F. 8.|} 223 | 27°9 =~ 92°006 | — 92:012 —0'006 
Nos. 2 and 3. 
G. T. 8. At Kittur ‘ é ~| 324] 282 — 61'438 — 61:638 —0200t | f Probably 
oO sunk, 
B. M. 
G.T. 8. At Tegur ; ‘ 226 | 340 — 96:065 -—— 96°128 —0'063 
O 
B. M. 
Culvert No. 38, 14 chs. north-west of 228 | 39°77 | 201565 | —201'581 ere 
v5 28 
G@.T.8. AtMumigata, . 929 | 419 | 171607 | —171'519/ 0-012 
B. M. 
G.T.S. Dharwar 231 | 471] — 88186 | — 88127/  +0°059 
B. M. 
ae ee 233 | 63:5 | —170963| —170989| +0024 
0 
B. M. 
oe ee —410°699 —410°714 —0°015 
a At Hubli Travellers’ Bun-| 234 ek 
B. M. galow. 
Q@. T.S. At Hubli 285 |; 60°0 —413°064 —413°104 —~0'040 
i) 


The larger difference between the levellers on the Belgaum-Bagalkot line 
is attributable to the unfavourable atmosphere conditions which prevailed 
when this line was run. The weather was hot and the readings of the staves 
were at times rendered uncertain by the boiling of the air, even though the 


lengths of the shots were reduced, 
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76 RECORDS OF THE SURVEY OF INDIA, 1910-11. [Vou. II. 
TABLE I.—No. 3 DETACHMENT. 
Discrepancies between the old and new values of bench-marks. 
OBSERVED HEIGHT ABOVE : 
(+) on BrLow (—)stant-| Difference 
ING BENCH-MABK AS (Check —Ori- 
DETERMINED BY ginal). The 
open 
Description of bench-marks of th 
ériginal Prevelling that wa eonneetad fa tlc, or Remiexs. 
for check-levelling. 1 . “1910-11 
Original Check-level- tear man 
levelling. ling, 1910-11. when original- 
ly levelled. 
Miles. Feet. Feet. Feet. 
Check-levelling at Ambaéla—Main Line 61 (Ferozepore to Meerut), 1906-07. 
Standard Bench-mark at St. Paul’s{ 0:0 0:000 0000 
hurch. S 
+ at Memorial St. Paul’sChurch .| O°1 —1°'326 —1:312 +0014 
901°6 /\ at St. Paul’s Church | Ol — 1°829 —1°827 +0°003 
G. T. 8S, At N. W. end of B. platform | 1:3 4496 —4'447 +0°049 
O of Ambala Cantonment 
B.M. Railway Station. 
G. T.8. At A. platform of Ambala; 16 — 6361 — 5°325 +0°036 
O Cantonment Railway 
B. M. Station. 
G, a §. At Wesleyan Chureh . .| O9 +1°875 +1:913 +0°038 
B. M. 
G.T.S. At block No. 8, Section; 11 +8°'140 + 3°182 +0°042 
O Hospital. 
B. M 
G. 7.8. At block No. 2, Section} Ill +3°274 +3°312 -+0:038 
O Hospital. 
B. M 
G. T.S. At block 42, Royal Horse;} 1'8 + 8°26] + 8°296 +0035 
O Artillery Lines. 
B. M. 
@.7T. 8. At block 48, Royal Horse 1:9 +9°655 +9°671 +0016 
O Artillery Lines. 
B. M e 
Check-levelling at Dera Ismail Khan—Main Line 55 (Murghat to Chach), 1906-07-08 
Standard cee at Dera Ismail} 0°0 0:000 0°000 
an. 
692°40 At St. Thomas Church . A 0:2 +0179 +0°203 +0024 
§74°52 
G. T.8. Embedded at St. Thomas} 01 —1'888 —1°864 +0°'024 
O Church. 
B. M. 
+ At Tomb, St. Thomas Church .| U2 —0'219 —0°206 +0°013 
G. T. 8. At Brigade Office : ~| O-4 — 1:927 —1'930 —0:003 
O 
B. M. 
@.T.S. At A.C. R. E.’s Office -| O08 —2'939 —2:928 +0011 
O 
B. M. 
@.T. 8, At District Local Board’s} 0°9 —0'428 (436 —0°008 
O Office. 
B. M. 
+ 1°339 +1°395 +C-056" * This bench-mark 


O At mile-stone No.1 . -| O38 
A 7 


appears to have been ~ 


disturbed and the 
new value should 
now be accepted. 
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TABLE I.—No. 8 Detacument—concld. 


Discrepancies between the old and new values of bench-marks—concld. 


OBSERVED HBIGHT ABOVE 


(+) 08 BELOW (—) start- | Difference | 
‘ ING BENCH-MARK A8 (Check—Ori- 
Die- DETERMINED BY ginal), The 
tance ‘sign + denotes 


Desvription of bench-marks of the | ffom that the height 


original levelling that were connected | ° 
for check-levelling. 


was greater 
and the sign— 
leas in 1910-11 

than it was 
when original- 

ly levelled. 


pine, 
ener Original 
mark, jeqalling: 


REMARKS. 


Check-level- 
ling, 1910-11. 


ee = ee 


Miles. Feet. | Feet. Feet. 
Check-levelling at Darya Khan—Main Line 55 (Murghai to Chach). 


G. T. 8. At south end of platform of { 00 (000 0:000 see 
0) Dary& Khan _ Railway 
B. M. Station. 
G. T. S. At north end of platform of | 0:1 +0:294 +0°297 +0°003 


O Daryé Khan 


Railway 
B.M. Station. 


Check-levelling at Rawalpindt——Main Line 56 (Ferozepore to Chach), 1905-06. 


Standard Bench-mark at R&walpindi 00 0:000 0-000 
G. ‘ 8. At Christ Church 00 —1°321 —1°322 — 0001 
B. M. 
G.T.S. At Government Telegraph| 0-7 —17°109 —17'117 —0°008 
O Office. 
B. M. 
G. a 8. At Lockhart Memorial aff a —24°038 —24°027 +0011 
B. M. 
G 1.8, At District Traffic Superin-| 1:6]/ —85-496| —35-492|  +0-004 
O tendent’s Office. 
B. M. 
G.T.8. Embedded at Rawalpindi} 1:6 —86'340 —36'346 —0'006 
oO Railway Station. 
B. M. 
G. T. S. At platform of Rawalpindi} 1:8 —$4'241 —84'287 +0004 
O Railway Station. 
G. T. 8. At platform opposite north-| 1:8 —$4°237 —34'220 +0007 
O east corner of Rawalpindi 
B. M. Railway Station. 
G. bs 8. At Leh railway bridge 2:9 —48°821 —48'818 +0008 


B. M. 


Check-levelling at Nowshera Branch Line 56.4 (Chach to Peshdwar), 1906-07. 


G. . 8. At bridge No. 276 (B. M.17)} 0-0 0:000 0°000 eee 
B. M. 
G. T. 8. Embedded at Nowshera Rail- | 08 —29°315 29314 +0001 
D way Station (B. M. 18). 
B. M. 
G. T.S. At east end of platform| 0-9 —26'148 —26'148 +0005 
O (B. M. 19). 
B. M. 
G.T.S. At west end of platform| 1:1] —~26-264| —26-269 — (0005 
O (B. M. 20). 
B. M. 
G. 6 8. At bridge No. 280 (B. M. 21)/ 1:8 =—19°338 — 19°323 +0010 


B. M. 
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TABLE II.—No. 1 DetacuMment. 
Results of comparsson of staves, season 1910-11. 
LeyGTH or STaFF=10ft. + Quantity below. 
Place and date of ReMaRKs. 
comparison. 


I gatpuri, 6th November 1910 


Khardi, 15th ” 1910 
Khandala, 24th ,, 1910 
Poona, lst December 1910 
Shikarpur, 10th » 1910 
Narfyangaon, 2lst,, 1910 
Tas, 20th _n 1910 


¢ 


Vasco-da-Gama, 12th January 
1911, 


Sanvordem, 
1911. 


Collem, 29th January 1911 . 


Castle Rock, 9th February 
1911. 


Gunji, 18th February 1911 


Desur, 2nd March 1911 
Belgaum, llth ,, 1911 
Hulikati, 22nd_—s,, 1931 
Dharwar, 8lst ,,  =-:1011 
Belgaum, 10th April 1911 
Halki, 19th ,, 1911 
Budnur, 29th _,, 1911 
Kaladgi, 10th May 1911 
Bagalkot, 15th ,, 1911 


21st January | 


Staff No. 05. 


—0°00155 


— 0°00078 


—-0:00003 


+ 0:00060 


+0°00030 


—0'00008 


—0°00084 


—0'00196 


—0'00187 


—0°00246 


—0°00171 


—0°00172 


—0'00223 


— 0°00267 


—0'00228 


—0°00291 


Staff No. 00. 


=—0°00210 


=-0°00113 


—0:00257 


=—0°00310 


—0°00311 


—0°00437 


—0'00392 


—0°00355 


—0°00264 


—0°00284 


—0'00359 


—0°00444 


—0 00521 


—0°00630: 


—0'00589- 


—0'00563 


—0°00568: 


—0°00541 


—0°00749 


—0°007 44 


—0°00835 


Feet. 
—0:00363 


—0°00292 


—0°00417 


—0°00454 


—0 00461 


—0°00604 


—0°00454 


—('00389 


—0°00335 


—0'00395 


— 0°00420 


—r00484 


—0'00612 


—(0 00684 


—0°00679 


-~ 0'00626 


—0'00589 


—0'C0631 


—0'00718 


— 0:00732 


—0 00833 


Staff No. 01. | Staff No. 03. 


Feet. 
—000468 


—0-00401 


=~ 0'00157 


—0-00538 


—0°00560 


—0°00713 


—0:00651 


—0°00621 


—0:00478 


—0°00483 


—0°00494 


-—0°00615 


—0°00692 


— 000784 


—0°00884 


=—0'00780 


=—0°00777' 


—0'00821 


— 0:00899 


—0:'00885 


—0°00942 


Clear and dry. 
Rain since last com- 
parison. 


Clear and dry. 

Clear. 

Clear and dry, 
Ditto. 
Ditto. 


Light scattered clouds, 


sudden gust of cool 
breeze. 


Scattered clouds ; 
country fairly damp. 


Mist and clouds some 


mornings, otherwise 
clear. 


Clear and dry. 
Scattered 


evening, 
clear, 


clouds one 
otherwise 


Clear and dry. 


Strong cool breeze 
afternoons, generally 
dusty. 


Scattered clouds, hot 
and dry. 


Scattered 


clouds, cool 
and dry. 


Strong 
breeze. 


cool gusty 


Scattered clouds and 
cool breeze. 


Scattered clouds 
cool breeze ; 
overniyht once. 


and 

rain 

Cloudy, hot and 
dry. 


A few drops of rain 
overnight on twu or 


three occasions ; 
sudden guste of 
wind ; scattered 


clouds. 


VoL. IJ.) 


Place and date of comparison. 


Dhubri, lst November 1910 . 


Gauhati, 9th =, 1910 . 
Sonapar, 19th » 1910 

Nakhola, let December 1910 . 
Raha, 9th ne 1910 . 
Samagari, 20th ,, 1910 . 


Amguri, 2nd January 1911 . 
Kajiranga, 12th ,, 1911 . 
Dergaon, Ath , 1911 . 


Kakojan, 3rd February 1911 . 


Sibeagar, 14th ,, 1911. 


Lepetkata, 24th » 1911 . 


Dibrugarh, let March 1911 . 


Bornihat, 23rd, 
Nongpoh, lst April 1911 
Umran, llth , 1911 


Shillong, Zlst » 1911 


Dumpep, 6th May 1911 


1911 . 


TABLE II.—No, 2 Detacument. 
Result of comparison of staves, season 1910-1911. 


LEVELLING. 


LeNGTH OF 8TAFF—10 ft.+ Quantity below. 


+ °00049 


— ‘00007 


Feet. 
-+-0°00011 
+ "00097 
+ ‘00102 


+ °00164 


+ ‘00153 


+ °00110 


+ ‘00102 


Feet. 


—0°00137 


— 00010 


— ‘00017 


+ ‘00047 


+ 00011 


=— 00006 


— 00026 


~- 00060 


—'00057 


+ ‘00137 


+ ‘00046 


Staff No. 20A. | Staff No. 20B.. Staff No. 16A., Staff No. 16B. 


Feet. ° 


-+0°00060 


+ ‘00103 


+ 00122 


+ ‘00228 


+ °00105 


+ 00128 


+ 00111 


+ 00148 


+ 00123 


+ ‘00108 


+ ‘00182 


+ 00152 


+ 00056 


79 


RemaBxs. 


Clear and cool. 
tid F dry. 
Light clonds and dry. 


» Scattered 
clouds ; cool. 


Scattered clouds. 
Clear. 

Clear and dry. 

Light scattered clouds. 
Cloudy and cool. 


Light scattered clouds 
and cool. 


Beattered clouds aad 
cool breeze. 


Cloudy. 

Light scattered clouds. 
Clear cool breeze. 
Scattered clouds. 
Cloudy, 


Scattered clouds. 
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TABLE II.—No. 8 DeracHMEnT. 


Result of comparison of staves, season 1910-11. 


Date and place of 
oOM parison. 


Ambala Cant. 28th Oct. 1910 


Lalru 
Ghaggar 
Kalka 
Jabli 
Dharmpur 


Solon 


Dera ({smail 


Khan. 
Yank 


Daryé Khan 


Hetu 


Jandanwala 


Punjab 


Kbushab 
Khushab 
Kathwai 


Sodhi 
‘Jaba 
Jatta 


Talagang 
Dulla 
Chakni 
Chahan 


Rawalpindi 
Rawalpindi 


Tret 


Ghora Gali 


Murree 


6th Nov. 1910 


14th Nov. 1910 


21st Nov. 1910 
28th Nov. 1910 

6th Dec. 1910 
18th Dec. 1910 


23rd Dec. 1910 


31st Dec. 1910 
lith Jan. 1911 
19th Jan. 1911 
25th Jan. 1911 

3rd Feb. 1911 


10th Feb. 1911 
17th Feb. 1911 
24th Feb. 1911 


3rd Mar. 1911] 
llth Mar. 191] 
20th Mar. 1911 


26th Mar. 1911 
3rd Apl. 1911 
10th Apl. 1911 
18th Apl. 1911 
27th Ap]. 1911 
5th May 1911 
12th May 1911 
16th May 1911 
21st May 1911 


LENGTH oF STarF —10 FT.+QUANTITY BELOW, 


Staff No. 19A 


Feet. 
+0:00080 


+0:00083 
+0:00032 
—000059 
—0°00102 
= 0:00176 
—0'00210 


—0'00152 


~—0)'00191 
—0'00122 
— 000043 
—0:00046 
— 0°00053 


—0°00105 
—0-00095 
—0°00153 


—0°00145 
—0:00071 
—0°00034 


—0°00111 
—0°00046 
—0°00052 
—0:00037 
— 0°00092 
— 000165 
—0'00195 
—0'00236 
=0-00285 


. Staff No. 19B. 


Feet. 
+0-00060 


+0:00058 
—0-00016 
—0:00069 


—0:00083 © 


—0:00180 
—0°00209 


—0-00196 


(00174 
—0:00158 
—0°00043 
—0°00046 
—0:00063 


—0°00125 
—0°'G0089 
—0 00158 


—0°00165 
—0'00073 
—0:00065 


—0 00090 
—0:00073 
—0°C0110 
—0°00105 
—0°00117 

—0°00187 
—0:00208 
000236 
-—0°00283 


Staff No. 24A. 


Feet. 
—0:00279 


—0°00327 
—0'00420 
—0°00524 
—0'00587 
—0°00647 
—0:00701 


—0°00683 


—0 00676 
—0-00527 
—0'00161 
~—0:00457 
—0°00478 


—0°00516 
—0°00479 
—0:00662 


—0°00636 
—()'00521 
—0'00454 


—0 00534 
—0°00491 
—0'00560 
—0°00597 
—0:00643 
— 00066 4 
—0:00736 
—0'00764 
—0'00796 


Staff No. 24B. 


Feet. 
—):00137 


—0°00207 
—-0:00290 
— (00330 
—0°00455 
—0°00149 
—0°00500 


—0°00552 


—0:00506 
— 0:00362 
—0:00317 
—0 00347 
- 0°00355 


—0°00384 
— 0.00369 
—0°00529 


—0:00528 
—0'00101 
—0°00355 


—0°00383 
—0°00369 
—-0°00397 
—0°00415 
—9°00494 
—0°'00504 
—0-00607 
—0:00019 
—0°00635 


[Vou. IT. 


REMARKS. 


Clear dewy mornings. 
Ditto. 
Light clouds mornings. 
Clear mornings. 
Ditto. 
Ditto. 
Light clouds, very cold 


mornings. 


Ditto. 


Ditto. 
Three showers of rain. 
Cloudy, rain once, 

Ditto 


twice. 


Rain and sleet once, 
frost every morning. 


Scattered clouds, 
Ditto. 


Ditto, rain 


once. 
Cloudy. 
Do., rain once. 


Drizzling and rain 
whole week. 


Light clouds. 
Cloudy, rain thrice. 
Light clouds. 
Ditto. 
Ditto. 
Cloudy. 
Scattered clouds, 
Clear. 


Do. 


$1 


LEVELLING. 
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TABLE IV.—No. 1 Detacuwenrt, 


List of Great Trigonometrical Survey stations connectéd by spirtt-levelltng, 
Season 1910-11, 


HEIGHT IN FEET ABOVB 
MEAN BEA-LEVEL BY 


Difference, 
Name of atation. a | mee ag Remanrxs. 
Spirit- Triangula- 
levelling. tion. 

Babulsar H. S., Bombay Longitu-| 2137°971 2140°79 +2°819 | Height of lower mark-stone. 

dinal Series. 
Yaltr H. S., Mangalore Meridio-| 3285°156 3283: —2'456 | Height of upper mark-stone. 

nal Series. 
Navalur H. 8. Mangalore Meri- 2448'383 2445" —3'383 Ditto ditto. 


dional Series. 


TABLE IV.—No. 2 DeracuMent. 
List of Great Trigonometrical Survey stations connected by sptrit-levelling. 
Season 1910-11. 


HgiGuT 1N FEBT ABOVE 
MEAN SEA-LEVEL BY 


Difference, 
Name of station. be pe ulation RemaBxs, 
Spirit- Triangnla- | eveitiug.: 
levelling. tion. 
Assam Valley 1st Class 
Secondary Sertes. 

Damria H. 8. P . 9410°114 2,411 +0°886 Mark on rock i” situ, 
Chhintamanigarh T. 8. ; . 801°127 302* +0875 | * Ground floor mark-stone, 
Dibrugarh Charch S. ‘ ° 395°461 394 —1°461 
Khanikar post 8. : ‘ ‘ 338°279 336 —2°279 | Upper mark. 


Nore.—Usnually a list of G. T. S. principal stations is given. As no principal series exist along this route, this 
list of secondary stations is given in the belief that it may be useful. 


TABLE IV.—No. 3 DetacuMeEnrt. 
List of Great Trigonometrical Survey stations connected by sptrtt-levelling. 
Season 1910-11. 


HEIGHT IN FEET ABOVE 


MEAN SBA-LEVEL BY ; 
Difference, 


Name of station. Teane eee REMARKS. 
Spirit- Triangulae | “CVOr 8: 
levelling. tion. 


Great Indus Sertes. 


MiavniT.S.  . .o 8 : 625:289 | 62662 Height of ground floor mark- 
stone. 
Heto T. S. ‘ ; ° : 636659" | 636°65* This height refers to the new 


mark-stone at ground floor 
fixed in original position on 
account of the old having been 
uprooted. 


JatlaH.S. 3. : ‘ - | 2076°787 2076" Height of upper mark-stone. 

SidhrS. . . e , : 1727°622 1728° Ditto ditto. 

Surla H. 8. (of Northern base line | 2141°226 2142° Ditto ditto. 
Jigures). 


* These values are shown as Spirit-levellod values in Synoptical Volumes, bat there is no record in any of the 
levelling Volames. 
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Differences between Levellers (First-second) :— 


No. 1 Detachment — 
Line Kaséra-Igatpurt. 
At 12th mile (end of line) . ° ; ; : « —0°026 feet. 


Line Poona-Ahmednagar. 


‘(At 50th mile . . ‘ e  % : : . —0°019 ,, 
77th ,, (end of line) , : ‘ : : . —0°060 ,, 


Line Marmagao-Belgaum. 


At 50th mile . ‘ ; ‘ ; ; : . +0°053 =«,, 
» 100th ,, ee ee 0089, 
» 102nd ,, (end of line) . ‘ ° : i - +0:082 =,, 


Line Belgaum-Hubls. 


At 50th mile . ; ‘ ; ‘ : ; . +0025 _ ,, 
» 680th ,, (end of line) . 5 ; . ‘ . —0°033_=,, 


Line Belgaum-Bagalkot. 


At 50th mile ° t e ® e e ° e —0'] 45 ) 
» 89th ,, (end of line) . : : : ; » —0°234 ,, 


The larger difference between the levellers on the Belgaum-Bagalkot line 
is attributable to the unfavourable atmospheric conditions which prevailed 
when the line was run. The weather was hot and the readings of the staves 
at times were rendered uncertain by the boiling of the air, even though the 
lengths of the shots were reduced. 


No. 2 Detachment— 
Gauhatt-Debrugarh. | 
At 50th: mile. : ‘ ; ‘ PF ; « +0°003 feet. 
, Uh 5. we 0055, 
» 150th ,, ; ‘ ‘ : ; : : » —0°024 ,, 
, 200th , .« . . «© «© «. «6  « $0602 , 
» 267th ,, (end of line) . . , ; ‘ . -0°052 ,, 


Gauhati- Dumpep. 
At 50th mile. : : ; ‘ ‘ ; - +0:031 _,, 
», Slst ,, (end of line) . ; ° ‘ e+ eo +0037 —-,, 


No. 3 Detachment— 


Line Ambala-Solon. 


At50th mile . . .« «© « «© «© « $0083 ,, 
” 67th 2 e ‘e ° ° e ° e e —0°030 ,, 


Line Dera Ismatl Khan-Chunda. 
At 33rd mile (end of line) . , ; ° ° - —0:028 ,, 
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Line Darya Khan-Rawalpinds. 
At 50th mile. . . : ‘ : ° - = 0°083 feet. 
» 100th , , ; ; ; : : ‘ - —0:054 _,, 
» 0h , 2 ek OL, 
» 200th, . . wk 088, 
» *l2th », . ‘ ‘ : : ‘ ; - —0088 ,, 


Line Rawalpindi-Murree, 
At 41st mile (end of line) , ; : ; . - —0081 , - 
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PART VI.--MAGNETIC SURVEY. 


No. 18 PARTY, 
(Vide Index map 11). 


By Captaris 8B. A. THoxwas, RE. 


PEREONNBL, The present report deals with the work 
Imperial Officers. ; 

Captain R. H. Thomas, R.E., incbarge from Of the magnetic survey during the year 
20th Mareh 1911. 

Lieutenant H. T. Morshead, R.E., in charge 
from let Octoher 1910 to 19th March 1911, 2910-11. 
and attached from 20th March to 15th September 
i911. 


provincial Officers, The report is divided into 3 majn heads 
Mr. E. C. J. Bond, ap to 21st July 19)1, 
Mr. H. P. D. Morton. as follows :— 
Mr. R. P. nay, ‘ 
Air, zB B Mathur = I.—An account of the operations in the 
Lower Subordinate Service, 
19 Surveyors, etc. field and work in recess quarters. 
II.—A note on the working of the observatories during the suryey year 
1910-11, 


III.—Tables of results comprising preliminary values of the magnetic 
elements at field and repeat stations in 1910-1} and the * quict 
day ’’ results at the survey base stations. 

An index chart showing the progress of the magnetic survey is appended. 


I.—FIELD OPERATIONS AND BECESS WORK IN 1910-11. 


1, Work of the field detachmenis.—The field season commenced on the 
20th October 1910 and elosed on the 14th April 1911 when the party moved to 
recess quarters. | 

Four field detachments were employed during the year under report under 
Messrs. Bond, Morton, Ray and Mathur. 

Mr. Bond was employed in office duties during the cold season, and took 
the field in April in Kashmir. Twenty- 
nine new stations were observed, averag- 
ing 380 miles apart, the detachment returning to recess quarters early in July. 

The Magnetic survey of the Andaman and Nicolar Islands, for which the 
census operations appeared to offer a 
favourable opportunity, bad been inclu- 
ded in the programme of Mr. Ray’s detachment; at the last moment, however, 
the promised accommodation in the Census steamer was not forthcoming; and 
after observations at the repeat station at Port Blair and 3 new stations in the 
Andamans, the detachment was employed on detail survey in the vicinity of 
Buxar and Chapra. 

Mr, R. B. Mathur carried out a detailed survey of the Bengal coal-ficld in 
response to numerous requests for accurate values of magnetic declination ; 
six meridian lines were also laid down to facilitate the testing of surveying 
compasses. 


Magnetic survey of Kashmir. 


Detail survey in Bengal. 


88 RECORDS OF THE SURVEY OF INDIA, 1910-11. [Vot. ITI. 


Mr. Morton was employed in re-observing at a number of old field stations 
which it is intended to re-occupy as addi- 
g_fhrervations st and permanent parking fel tional repeat. stations, in order to obtain 
further data for the secular changes in 

the magnetic elements. 

Recent magnetic surveys have shown that these changes are far more 
complex and dependent on local and regional conditions than had previously 
been supposed, and it is therefore desirable to supplement the data available 
from the five observatories and 23 repeat stations, which are too far apart for 
the satisfactory determination of the sccular changes over the entire region 
covered by thesurvey. The time and labor expended on accurate determina- 
tion of the magnetic elements at any one time would be wasted, unless these 
changes are known with sufficient accuracy to obviate the introduction of 
serious error in the reduction of the observed values to a common epoch. 
* Repeat” observations at old field stations have been included in the annual 
programme since 1907; the field stations, however, were not permanently 
marked in the first instance as it was considered that, from the recorded des- 
cription and observed bearings to prominent objects, the station could always 
be located within a few feet of the original site. Ordinarily an error of this 
amount in the siting of the instrument would be negligible, but in highly dis- 
turbed localities where the “station error’’ due to local disturbance varies 
widely in a small area, it is important to ensure the exact identification of the 
point previously occupied; for this reason Mr. Morton’s stations have been 
marked by a concrete pillar, as in the case of the regular repeat stations. 

2. Field work of the officer in charge.—During the field season one 
imperial officer only was available—Lieutenant Morshead, R.E. 

The four survey base stations were inspected and comparative observations 
made at each and at Alibag. 

Twenty-two repeat stations were also visited. 

3. Work during recess.—The computation of the previous season’s field 
work and the reduction and tabulation of the base station results for 1910 
have been completed. , | 

The selection and computation of the results of a new series of “ quiet 

days’’ on which the traces are available 
ek computation of a new series of at all the survey base stations have been 

completed. Hitherto the classification of 
the H. F. traces at the four survey observatories have been submitted to the 
Director, Alibag Observatory, who subsequently selects and intimates the 
* quiet days’’ each month; many instances have, however, occurred in which 
the traces at one or other observatory have not been available for all the 
magnetic elements for one or more of the selected days and in these cases it has 
been the practice to substitute another quict day for that observatory only. 

The data derived from 5 quict days per month are not, however, strictly 
comparable for various observatories unless the same days are used at each; 
uniformity in this respect is also desirable for survey purposes in the deter- 
minations of the corrections to field observations for diurnal variation and 
disturbance. 

This new serics of quiet daysis not altogether complete; while in most 
cases it has been feasible to select 5 quiet days each month, occasionally 4 days 
and in a few instances 3 days only have been obtainable. 
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The main object of the introduction of the “ quiet’ day system was to 
Pr er effect a substantial saving in the labor 
oposed measurement of “all” days. : 
required to obtain comparable results 
from various observatories, where the tabulation of all the curves was consi- 
dered too serious a burden. 

Losses of record are, however, at times inevitable and the system is therefore 
incapable of extension to an indefinite number of participating observatories ; 
in India difficulties have sometimes arisen with only 5 observatories and, though 
these difficulties have been mainly due to unavoidable losses of record under 
circumstances unlikely to recur, the liability to such losses always exists owing 
to the observers in charge lacking the skill and knowledge required for other 
than superficial adjustments of the instruments. 

The survey observatories were primarily established for the purposes of the 
magnetic survey ; but while this end is amply served by the “ quiet day ”’ system 
and the selection of a series of quiet days applicable only to the survey observa- 
tories, the results are necessarily lacking in comparability with those of other 
observatories and the principle of the quiet day system is to that extent sacrificed. 

Comparability can only be obtained by co-operation in an international 
series of quiet days or by the measurement of all days; of the two alternatives, 
the latter is to be preferred as being less likely to be affected by loss of records, 

It has therefore been decided to introduce the measurement of all days 
from January 1912 as a tentative measure, at the same time transferring the 
labour of measuring the curves from the office of the magnetic party to the 
observers in charge of the base stations. The quiet day results will continue 
to be separately tabulated so that in course of time data will be available for 
the comparison of “ quiet ” and “all day’’ results. 

4. Instrumental differences in H. F.—The imperial officers of the party 
have been mainly employed during recess in continuing the investigation of 
the instrumental differences in H. F., to which reference has been made in the 
reports of the last two years: this work, it is hoped, will be shortly completed 
and the following summary of the various steps in the investigation may be of 
interest. | 
It has been customary to compare the field instruments with the Dehra 
standard twice each year, at the beginning and end of each field season; obser- 
vations with the field instruments are as far as possible simultaneous, site errors 
being eliminated by exchange of stations : the comparisons are made through 
the magnetograph curves, for the standardisation of which additional observa- 
tions are made with the standard instrument during the comparisons. 

The resulting instrumental changes showed considerable variations ; these 
could only be due to (a) error of observation, (d) changes in instrumental 
constants, or (c) real changes in the indications of various instruments, which 
are separately considered below. 

A complete determination of H. F. requires vibration and deflection 

(a) Observational errors ie aa giving sia ages i from 

which “m” and H are found: usually 

however vibration experiments are made just before and after the deflection 

and the mean of the two values adopted as the value of H. F. applicable to the 
mean epoch of the observations. 

The value of “m’’ generally decreases slowly, but not always regularly, owing 


to the accidental jarring or shocks which a magnet may experience from time 
N 


. 


i4 
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to time, so that for short periods “‘m’”’ may be regarded as constant ; H on the 
other hand is constantly undergoing changes, some periodic, others non-periodic, 
and varies from place to place: the successive values of “m”’ therefore afford a 
means of testing the accuracy of the observations. 

Errors of observation in the determination of H. F. may therefore be due 
to two causes, véz., change of H. F. and declination during the time occupied 
in the determination, and accidental error due to mistake in observation ; in 
both cases the values of “m”’ and H are affected. 

The probable error of a single determination of ““m” and H may be con- 
siderable: but the chances of error are greater in the vibration than in the 
deflection experiment for two reasons: firstly, the intrinsic difficulty of the 
former observation and, secondly, on account of the greater length of time 
occupied in the vibration observation. 

(The complete deflection observation ocoupies considerably longer time than the vibration, 
but the observations at 22°6 cms. only are used for deterroining H. F., the remainder serving 
enly for the evaluation of the distribution coefficients P and Q; the average time required 


for the observations at 22°5 cms. is approximately 6 minutes against 10 minutes for the 
vibration experiment.) 


It was therefore thought that errors of observation could as far as possible 
be eliminated by the recomputation of the values of H. F. from the deflection 
results only, using mean values of ‘m”; the mean value of *m ” was obtained 
from the smoothed curve drawn through a series of plotted values each of which 
was the mean of 12 or more successive single values. 


This method of computation was in the first instance applied to the base 
station observations, where tbe base line observations offered a ready means of 
testing any resulting improvement over the former method. In practically 
every case the probable error of the mean base line value was considerably 
diminished and the general symmetry of the curve of base line values improved. 
The observations with the field instruments were then recomputed, and the 
method adopted for future use. 


There was a slight corresponding improvement in the instrumental 
differences, but on the whole the character of the variations remained un- 
ohanged. 

It had been found, however, that, in drawing the smoothed curves of “m”’ 
for different instruments from which the mean values of “m” were scaled, the 
observed values of ‘m ”’ did not in all cases decrease with lapse of time, increases 
of yalue being occasionally exhibited for short periods and the next step in the 
investigation was to consider the possibility of eliminating these apparent 
increases by considering change in instrumental constants. 

The ‘constants which contribute appreciably to the observed value of H. F. 

(6) Change in Instramental constants. on (1) the temperature coefficient, (2) 

the moment of inertia, and (3) the distri. 
bution coefficients P and 'Q. 

(1) Chree has shown (Proc. Roy. Soc. Vol. 65) that there is no clear re. 
lationship between the temperature coefficient “ q” and ‘‘m”’, and consequently 
no reason to suspect a-change in “q” asa magnet grows weaker with age. 
Even if such atendency existed, the short period which ‘has elapsed since the 
magnets were magnetised and the comparatively small diminution in their 
respective magnetic moments, would afford sufficient grounds for neglecting 
changes in “.q” as a contributory cause of the observed instrumental changes 
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(2) No account was taken of changes in the moments of inertia of the 
survey magnets in computing the instrumental differences; there is some 
uncertainty as to the correct initial values of the moment of inertia of the field 
magnets at the beginning of the survey for the reason given in the report 
for 1904-05, though the values for the standard instrument are however known 
from year to year with probably very fair accuracy. 

It was therefore considered advisable to wait until the values of the 
moment of inertia K were available for subsequent years, from which values 
for the preceding period could probably be deduced. 


Observations since 1906, in which year the absolute moments of inertia 
of the auxiliary standard inertia bars were accurately determined, have shown 
that the decreases in the value of K since that year are very small for all the 
survey magnets: the values of K for the standard from 1902 to 1906 would 
seem to indicate that the rate of decrease is relatively more rapid when a mag- 
net is first taken into use. 


It is tolerably certain that the change owing to decrease of K has been 
greatest in the standard magnet and this, if changes in the moment of inertia 
were alone responsible for the variations in instrumental differences, should be 
shown by an increasing divergence of those differences, when those are based 
on values computed with a constant moment of inertia. - 


The irregularities of the observed variations in instrumental differences 
were however such that the correction for progressive change of the moment 
of inertia could have little effect on these irregularities, and it was therefore 
decided that correction on this account might more apprapriately be deferred 
to a latex stage of the investigation. 

(3) Hitherto the values of ” in the deflection experiment had been computed 
using the value 1 =. when P was derived from observations at two distances, 
the value of P used in computation being the mean of the year for base sta- 
tions and for a season’s work for the field instruments ; very occasionally means 
were taken out for intermediate periods when there was evidence of apparent 
change. | 

Observations were however invariably taken ata third distance, but the 
correction: on account of the Q term was left.to the final reduction. 

It was previously mentioned that in deriving the curves of “m”’ for various 
magnets anomalous increases of “.m” of comparatively small amount were some- 
times met with which could neither be ignored on account of their magnitude 
and duration, nor attributed. with any certainty to errors of observation ;.sudden 
falls of “m” of varying account had -also oceurred in almost all the magnets. 
' ‘Displacements of the magnetic axis:had been . sometimes found to coincide 
with these latter, and it.seemed reasonable to suppose that, if changes in the 
distribution constants really did occur, they. would most probably be associated 
with: these decreases in the value of “m’’; apparent increases of “m” might be 
accounted for on. the same: hypothesis,-and eliminated by changes in P and Q 
if these could be substantiated. 

- ‘Preliminary inspection of the values of:P,., and P,, (being the values 
from observations 22'5-and 30 cms. and 30 and 40 cms. respectively) of the 
sarvey standard seemed to indicate that several changesin P and Q had occur- 
réd:‘and the term (1 +44 $-+-..:)~ was then computed for various periods, the 
grouping of which-was determined partly by evidence of change in either P,, 

w 2 


92 RECORDS OF THE SURVEY OF INDIA, 1910-11. [Vot. IT. 


or P,,; and partly by sudden changes in “m,”: the process was subsequently 
extended to the other observatory and field instruments. 

For the observatory instruments, the base line values of the magnetographs 
and the resulting monthly mean values of H. F. afford a means of testing the 
reality of the apparent changes found from the magnetometer observations ; no 
assumed change in the coefficients can be accepted which results in a dislocation 
of the base line which is unconfirmed by visual inspection of the curves, while a 
sudden change in the mean value from one month to another which is confined 
to one observatory is at least open to suspicion. 

Applying these tests, it was found that, in the observatory instruments there 
were no grounds for assuming real changes in P and Q, except on one occasion in 
the standard instrument at Dehra, viz., from May 9th, 1908, when there was a 
sudden fall of ‘‘m’’ amounting to 17 C. G. S. units, the new values of P and Q 
applying to all observations made since that date. 

For the field magnets, there are no such facilities for testing the variability 
of P and Q as in the observatory magnets, but fortunately the values of P and 
Q computed for various periods, as in the observatory instruments, are, with 
one exception, in such good agreement that it is certain that no change in 
these constants can have occurred: in the single case where there was an 
undoubted change, there was also a sudden fall in “m” of 70 C. G. S. units. 

Sudden falls of ‘‘m” have not been uncommon in the field magnets, as 
might be expected from the shocks and jars of travelling; and the fact that 
even under these conditions P and Q remain unchanged affords additional 
and stronger evidence that the changes inthese constants for the standard 
magnet cannot be real. 

The cause of these apparent changes which generally are so abrupt as to be 
unmistakeable, is not clear ; but they usually coincide with dislocations of the 
curve of “m” and are of short duration, the values of P and Q then returning 
to the previous values, and it therefore seems possible that they may be due to a 
temporary alteration of the normal magnetic conditions owing to the proximity 
of magnetic material: if this theory is correct it would account for the fact 
that these apparent changes are usually only met with in the base station 
observations. 

On the whole, then, it may be concluded that real and permanent 
changes in the distribution constants are rare: real changes need only be looked 
for when there has been a large and sudden fall in the value of “ m”’, and even 
in such cases changes are comparatively infrequent. 

This conclusion is important but the variations in instrumental differences 
still remain unexplained ; some slight improvement resulted from the substitu- 
tion of a constant value of 1—,* for periodic values (yearly or seasonal) hitherto 
used, but the Q term was shown to be a constant for any particular magnet. 

Changesin the magnetic constants need not then be considered in the ine 
vestigation, observational errors had apparently been eliminated as far as possi- 
ble, and there seemed no alternative but to regard the changesas due to real 
instrumental change. 

Apart from actual damage to a magnetometer resulting in serious altera- 
tion of the assumed deflection distances, 
it is difficult to imagine how an instru- 
mental change can occur, other than one in the constants: the constants, 
which affect the value of H.F., are the temperature coefficient, distribution 


(c) Real instrumental changes. 
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coefficients and the moment of inertia; it has been shown that change in the 
temperature coefficient need not be considered, in the distribution coefficients 
rarely (and changes in the latter are readily found from the observations 
themselves), and the moment of inertia is periodically re-determined. 


The hypothesis of real instrumental change was therefore entertained with 
reluctance, the more so that the irregularities in the instrumental changes 
could only be explained by a frequent changes in both the standard 
and field instruments. 


Instrumental changes, permanent or temporary, were considered to be likely 
to coincide with abrupt dislocations of the magnetic moment, which might 
conceivably be regarded as the result of considerable molecular disturbance. 


In last year’s report several examples of apparent instrumental change, 
permanent and temporary, were given, which were coincident with sudden 
decreases of magnetic moment: the evidence in support of these changes was 
apparently unimpeachable and if these instrumental changes had really 
occurred, the frequency of the changes in the instrumental differences might 
for the most part be plausibly explained, sudden falls of magnetic moment 
being a not uncommon experience with the field instruments, though it would 
still be difficult to account for changes when no abnormal decrease of “m ”’ had 
conveniently occurred. 

Further investigation during the past recess season has however shown 
that the instrumental changes suggested in the .last report cannot be 
substantiated. 

It has now been found that the data from which the temporary change in 
the standard instrument in May 1908 was deduced, were incorrect : the selected 
mean temperature for the Dehra observatory was increased from 25° to 27° 
from January 1909, and in computing the instrumental differences through the 
magnetograph curves during the recess season of 1909, the new mean 
temperature was inadvertently applied to some of the instrumental comparisons 
of May 1908. The temperature coefficient is 12°6y per 1°C and the error thus 
introduced amounts to 25y which is precisely the amount of temporary change 
deduced from the erroneous data: that the standard appeared to have reverted 
to former conditions in October 1908 is due to the comparisons for that month 
having been correctly computed. 

Examples of permanent instrumental change were also given at Barrack- 
pore and Kodaikanal. 

In the latter case, the correct value of “im” for any particular observation is 
somewhat uncertain owing to rapid changes in the observed values, while there 
is reason to suppose that the autographic instrument was not working satis- 
factorily; at Barrackpore the apparent change is due partly to an assumed 
change of the distribution coefficients which is probably incorrect, and partly 
to interference in the autographic instrument which waa opened up and re- 
adjusted during December 1906. 

At Barrackpore, moreover, there was a change of observers during December 
1906, and this leads to the consideration of what is most probably the real expla- 
nation of the majority of the observed changes in instrumental differences, 
viz., personal equation” between observers in the determination of H. F., which 
in this instance was masked by the large fall of magnetic moment which occur- 
red at the same time as the observers were changed, 
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Personal equation was alluded td in last year’s report but the significance 
of this factor in the measurement of 
Horizontal Force was underestimated for 
want of data from which the cause of personal equation could be deduced: 
further it was thought that personal equation would be a constant for any one 
observer for considerable periods and corrections therefore easily applied. 

Personal equation may be defined in this connection as the difference of the 
mean values of the magnetic moment for the same magnet obtained by different 
observers, the mean epoch of the observations being approximately the same in 
each case. 

Each observer may have & personal or absolute error: thus the apparent 
absence of personal equation on interchanging observers may mean either that 
at that particular time their absolute errors were nil or of the same amount. 

Experiments have since shown that personal equations are largely and 
probably wholly attributable to errors of observation in the vibration experi- 
ment. 

Personal « error in the determination of H. F. may be further defined as 
the difference in the mean magnetic moment obtained by the same observer 
when the vibration ‘observations are taken 


(a) by the eye and ear method ; 
(5) by the electric chronograph. 


Personal equation and personal error. 


Experiments, in which observers were interchanged, have shown that 
while for the majority of observers results are practically identical when using 
the chronograph, serious divergencies, as in the case of observations of star 
fransits, are found in ‘the former method; further ‘personal error’ is by no 
means neécessarily a Constant for‘a particular observer (though it may be so for 
short periods), but 1 may vary during the limits of a single field season. 

‘The « cause of the érror appéars to lie in the ‘estimation of the time interval 
elapsing ‘between the clock beat and the transit of the centre of the scale by the 
moving’ cross wires, the magnitude of the error varying with the amplitude 
of ‘the ‘arc of ‘vibration, which diminishes by about one half during the 
observation. In ‘this respect the observation differs from that of ‘star 
transits. 

‘The magnitude of the effect of a timing error may be shown by the follow- 
ing example: with a magnet having a moment of 900 C. G. 8. units and a 
moment of inertia of 34 (which are the average values of the survey magnets), 
a difference of 0°2 seconds in the mean value of the several series of 162 vibra- 
tions “will produce at Dehra Din an error of 0°4 unit in magnetic moment 
and ‘an error of '14y in H. F., é.e., such small errors as 0°1 second in opposite 
directions in the two series of vibrations would be sufficient to account for the 
discrepancy. 

Attention was first drawn to personal error, as a factor to be considered in 
the determination 6f H. F., late in 1909, when dealing with the observations 
at Kodaikanal during the previous year. 

‘In J uly 1908 the permanent observer proceeded on three months’ leave ; 
immediately ' after the change of observers the magnetic moment fell 0°46 
C.'G.'8. wnit’and the base line 19y both returning to their previous values when 
the petmanent ‘observer resumed his duties. 

It ‘was ‘clear that a personal equation existed, but the cause was not at 
first sight apparent: the individual value of “m” were in excellent acree- 
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ment but were consistently high in the one case and consistently low in 
the other. 

On recomputing the base lines, however, from the deflection observations 
only of both observers, using the same mean value of magnetic moment through- 
out it was found that the base lines were now in good agreement and {it was 
plain that the personal equation must be due to persistent error in the vibra- 
tion observations, 

Experiments were then made at Dehra Din, where an electri¢ chronor 
graph is available, with the standard instrument; in December 1909 it was 
found that the observer’s personal error was nil, the mean magnetic moment 
by chronograph agreeing with that found by the eye and ear method, and 
it therefore seemed possible that the error at Kodaikanal might be an isolated 
case and dependent upon special causes connected with the change of observer. 

Further experiments however at Dehra in March 1910 showed that the 
observer had developed a personal error of 0°4 unit since the previous December, 
and it was therefore decided to carry out further trials with the field instru- 
ments on return to recess quarters in April 1910: as an additional precaution, 
in several cases observers and instruments were interchanged. 

It was found that while the chronograph values of “ m,” of different obser- 
vers were in excellent agreement, those obtained by the eye and ear method 
showed at times considerable divergeneies. 

As a result of these experiments, the observer at Dehra Dan was ordered 
to take a series of vibrations with the chronograph at intervals of about six 
weeks, and it was decided to in¢lude similar series in the bi-yearly compari- 
sons of the field instruments. 

The latter were inadvertently omitted in October 1910 but have been 
carried ont in April and October of the present year. 

The table below shows the personal errors of the field observers at these 
times; where a second value is given in brackets the error is that of a second 
observer : a plus sign means that the “eye and ear” determination of ‘‘m”’ is 
higher than the chronographic. 

PA SA SA 4A -6A 10 


eee, 


April 1910 . +00 3400 —04 402 408 =+0°0 
(+.0°0) (—0:2) 
April 1911 } Magnet —06 —l1 +00 408 +02 


2A not 
October 1911 used, —0'6 +06 —0°4 

In the case of magnet 6A it looks asifthe errors were constant, while 
with 3A and 5A it might have been gradually developed during the interval, 
but inspection of the plotted mean values of “m/”’ for short periods shows that 
this is not the case and the error probably varies within small limits while 
preserving the same sign ; it is perhaps possible that in the field instruments 
the variation may have some connection with the value of H. F. and the 
consequent rate of vibration, though it is more likely to be dependent on the 
observers’ physical condition, 

Personal error in the determination of H. F. does not appear hitherto to 
have received the attention it deserves in connection with magnetic work: 
that it eacaped earlier attention in the Indian survey is due to the fact that 
though there had been a number of easesin which observers were intet- 
changed, there was either no unmistakeable evidence of personal equation 
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at the time of change, or the change was coincident with a decrease of the 
value of “‘m” sufficient to mask the effect of personal equation. 
Since then personal error is probably the main cause of the observational 


discrepancies, it follows that with the 
nt ied cag investigation of the instru- survey stan dard thera Gs practi cally ai 

much liability to observational error when 
using the eye and ear method as with the fleld instruments; consequently 
comparatively unimportant but unexplained divergencies in comparative 
results raise a doubt which extends even to the results of the standard mag- 
netometer. The necessity therefore arises not merely of correcting the field 
instruments to the standard but also of correcting the observations of the 
standard itself, 

It proves then to have been advantageous that the discrepancies in 
comparative results were given more careful attention than they might pre- 
viously have appeared to call for. 

Since there appears to be no reason for anticipating changes in the indica- 

tions of magnetic instruments other than 

ma tthed of correcting the standard instra- those due to change of constants, for 

| which correction is made in the ordinary 

course, it follows that if the differences between instruments are accurately 

known at any particular time, any departure from those of differences at 

another time must be due to varying personal errors and change of constants. 

From the foregoing discussion it will be evident that changes in constants 
other than the moment of inertia need not be further considered. 


In comparing the instrumental differences it has been found more advan- 
tageous to compare the values of the base lines of the magnetograph found 
from various instruments at the time of comparisons, rather than to reduce 
all instruments to the standard by means of the curves; this course is the more 
advisable in cases where the comparisons have been made at various times 
and the “ personal error” with the standard therefore liable to variation. 

The comparisons with the chronograph since April 1910 have shown that 
the differences of instruments have remained constant and it therefore follows 
that determinations of H. F. in which the chronograph has been used for the 
vibration experiments may be accepted with confidence both as regards the 
value of H and “ m.” ‘ 

Any one of the chronographic comparisons since April 1910 may then 
be taken as the point of departure or zero, from which the differences of base 
lines for each instrument for comparisons previous to 1910 may be measured ; 
if there were no personal error these differences would be the same in all 
cases (except for small and uniform changes due to change in the moment 
of inertia) ; wide divergencies are however found and the solution of the 
problem lies in the determination of the most probable personal errors for 
each instrument compared. 

Fortunately the problem has been simplified by the fact that similar 
chronographic determinations of H. F. were made in 1902 with all the 
instruments (the chronograph was used solely asa time saving machine, the 
existence of ‘‘ personal error” being unsuspected) ; these observations, which 
were taken at the beginning of the survey, have been of great service in 
deducing the changes in the various moments of inertia, thus leaving 
“personal errors” alone to be dealt with. 
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The probable personal errors at any point of comparison are limited by 
the condition that the value of “m”’ accepted can in no case exceed the value 
accepted for the previous comparisons. 

In this way the most probable value for the difference of base line during 
any comparison from the zero point may be found, and hence the base line 
for the standard at the time of comparison, from which the moment of the 
standard magnet can be deduced. 

The moment of the standard can thus be determined for two points each 
year corresponding to the time of the bi-yearly comparisons, and intervening 
values can be found by interpolation when the change in the interval has been 
small: from these values the mean base lines and monthly mean yeu can 
be recomputed. 

At the other observatories comparisons are made only once a year with 
usually a single instrument, and the accuracy of the determination of the 
‘* personalerror ”’ depends on the accuracy of the interpolated value of “‘m” of 
the travelling instrument. It is however probable that the decrease of moment 
in a magnet proceeds uniformly, and sudden falls of “m” do not affect the 
rate of decrease: the rate of decrease of ‘‘m” with the majority of the survey 
magnets is moreover so small that errors of interpolation should usually be 
negligible. | 

The investigation is stillin hand and will be referred to more fully in 
the next report; it is hoped the above outline of the method adopted will 
suffice to show that the elimination of “personal errors” is toa large extent 
a “ trial and error” process and therefore necessarily laborious ; the final test, 
lies in & comparison of the monthly mean values of H at the various 
observatories after correcting for secular changes. For the purpose of this 
comparison it is necessary to have the same series of quiet days, and this was 
an additional reason for the selection and computation of a new series of days, 
to which reference was made earlier in this report. 

There are two other causes of discrepancies which may be briefly noticed 

and which the preliminary correotion for 


ee tet «OF change in instramental ¢ Hersonal errors” does not altogether 
preclude. 
These are— 


(a) Thermometric errors. 
(5) Temporary change in the magnetic field due to the presence 
of magnetic material. 

Thermometric errors include (1) the gradual zero-creep inseparable from 
all mercury in glass instruments, and (2) those due to unexpected changes of 
correction such as a slight dislocation of the mercury column. 

The former have been guarded against by redetermination of the zero 
point ; instances of the latter are however not infrequent in India especially 
in horizontal thermometers such as in the deflection observation. 

Several thermometers have been rejected for the latter trouble and it is 
possible that in some cases there were unsuspected errors at the time of 
comparison. 

The second cause of error is probably rare though there appears to be an 
undoubted instance in Dehra Din observatory in October 1903; the possibility 
of such an error was alluded to in the report for 1904-05 in discussing the 
change in the differences of declination between the North and South houses. 


Oo 
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It is probably due to other magnets not having been removed toa safe 
distance; the values of P, “m’” and H may be altered. 
Only one instrument will usually be affected, and in such cases the 
, observations must be rejected and the probable value of the base line found 
from the remaining instruments. 


Vou. II.] | MAGNETIC SURVEY. 99 


II.—WORKING OF THE OBSERVATORIES. 
A.—DsgHaa Din Opservarory. 


1. General remarks on working.—The observatory remained in charge of 
Surveyor K. K. Dutta until March 1911, when he was relieved by magacte 
observer Shri Dhar. 

The magnetographs have given good results aera the year; the 
V. FE. instrument, as usual, required the balance to be adjusted on several 
occasions. 

The rainfall in 1911 was much below the average and there was conse- 
quently no difficulty in keeping the under-ground room dry: the proposed 
plastering of the walls and floor to prevent the percolation of subsoil water has 
been postponed to enable the observatory to co-operate in the special pro- 
gramme of observations arranged in connection with the British Antarctic 
expedition, and will be put in hand in the beginning of May next. 

2. Mean values of H. F. and declination constants.—The following table 
gives the mean monthly values of the magnetic collimation, and the distribu- 
tion co-efficients P,., and P;., and the mean value of “m,” used in the com- 
putation of the results for 1910 :— 


Mean valucs of the constants of the Magnetometer No. 17 in 1910. 


DacLr H. ¥. CONSTANTS. 
NATION. 
CON- 
STANTS. MuEaw VaLuns oF P’s, 
Mourns. Mean Accepted Rem ARxs. 

Mean -| value of value of 

ma . etic Pi.3 Po.3 cd atu | Bi om,” mn”? 

collima- 

ion. P Py Pas 
January : lg. 83” 7°20 7°24 The accepted values 


of Piz and wm, 
are those used in 


2 the computation of 
Base Line values of 
EB mean Monthly 
= values of H. F. 
February ; : 84” 7°29 7°39 es 
2 
° : : 39° 7°14 7°69 a gS 2 
a | ¢ s | 38 
April. . : 45" 7°30 7-70 a a ae = 
i=J oo S 
Mey . «|: 807/795} 7:30] 8 z zi £ 
oe = M = 
June. , : 89" 7°20 7°50 ~ 2 23 an 
= & @ 2 ca 
July .  .{ :28"| 7-08 | 7-62 2 8 
° : as 
August . : : 89 709 | 7°53 me 
September. : 41° 7:18 7°62 S in 
o a2 
October. .| :41"| 7:18 | 7°68 ae 
A 
November .{ :877| 7:16 | 17°58 = 


December . : 40° 7°16 7°63 
8. Mean base line values.—The table below gives the mean values of the 
H. F. and declination base lines, actually used to obtain the values of force, etc., 


given in the tables at the end of this report. 
02 
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The values of H. F. and V. F. should be regarded as preliminary only, 
pending the results of the investigation into the subject of “ personal error ” 
and the addition of the Q term : the present values have been obtained in the 
same manner as those of previous years, with which they are therefore directly 
comparable. 


The V. F. base lines are not given : irregular changes of base line are to 


be expected in these instruments, the effects of which are minimized by the 
practice of observing values of dip daily with the Schultze earth inductor. 


Abstract of Base Line values of Magnetographs «x 1910. 


DECLINATION. HORIZONTAL FORCE. 


Monrtus 1910. 


Mean Mean 
observed Base line). R observed | Base line R 
value of | accepted. EMABEG. value of | accepted. EMARKS. 
'bawe line. base line. 


The curves at times °33017 


January . 0 (1°: 455 
showed signs of 
interference. 
February . «| 444 11°: 444 "83020 "33018 
~ $3016 f 33018 i - 7th March at 10h. 
March ° A 44'°1 44"°1 ts 33166 |¢{ ‘33166 | 7th March at 10h. 33 m. 
; ae March at 10 b. 
[ -83086 | | °33088 | 12th March at 10 h. 38 m. 
April ; -| 4375 43"5 ais ; 83088 *33088 
May ‘ .| 43°9 43"°6 | to 16th "83089 °83088 
44°4 | from 18th ass 
"33087 *33088 | Up to 14th. 
June ° ‘ 43'°8 8’8 ‘ee 38156 83156 | Up to 18th. 


( °33012 83012 | From 23rd instrument re- 
adjusted. 
July ‘ : 43’°6 bee eas 83009 *33009 


August. ‘ 43’°3 es re 83008 { ice \eecauaci 
°33006 | From 16th. 
*83004 | Ist to 10th. 

September ‘ 43’°6 43’°6 ei *$3001 |< -38002 | 1)th to 20th. 
83000 | 21st to end. 

October. -| 44°83 44/°3 ate 32998 32998 

November -| 44°32 44'°2 ve 82996 "32996 

December . | 4474 44'°2 oes "32994 "32904 


4. Mean scale values and temperature rangee.—The mean scale value of 
the H. F. magnetograph was 4'09y for an ordinate of 0°04 inch upto June 
23rd, 1910, when the instrument was re-adjusted and the torsion head turned 
after which the value rose to 4°12y. 


The mean scale value of the V. F. instrument varied from 4'4y to 5°3y. 

The mean temperature of the observatory for the year was 27°20, the 
maximum and minimum monthly mean values being 27°3 C and 27°-2 ©, 
which is very satisfactory: the temperature of reduction is 27° C. 
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The mean scale value of the declination instrument remained 1°03 
(minutes) for an ordinate of 0°04 inch. 

5. Mean monthly values and secular change, 1909-10.—The following table 
gives the mean monthly values of the magnetic elements for 1909-10 and the 
changes during that period deduced therefrom. There appears to have been 
an increase in the rate of secular change in Declination, which is confirmed 
by the results from the other Survey Base stations :— 


Secular changes at Dehra Din sn 1909-10. 


Hoxrsowtat Forcs DecuiNation Dir Vertical Force 
*33000 C. G. 8.+ E. 2°+ N. 68°+ 31000 C. G. 8.+ 
MonrTus. is 
1909, | 1910. | SCAT | oop, | 1910. | ceeree, | 1000. | reo. | Stealer) igo, | 1910, | Scolar 
an ia Pe 
' » | Y y 
January ,. e +6°9 859 973 4118 
February . 6'°5 876 974 98 
March 6°5 873 963 110 
April 77 883 986 108 
May 7°3 893 1,006 118 
June _ 77 908 1,015 113 
Jaly e1 903 1,080 138 
August 8°8 903 1,029 137 
September 48 959 | 1,080 80 
October. 54 951 1,066 108 
November . 6°6 sis 1,067 131 
Docembor 63 965 1,071 106 
Means +6°9 900 1,019 +110 


B.—BaARRACKPORE OBSERVATORY. 

1. General remarks on working.—Magnetic observer K. N. Mukerji was 
in charge of the observatory throughout the year. 

The magnetographs worked satisfactorily throughout. It was noted in 
last year’s report that the H. F. base line at Barrackpore showed considerable 
annual variation, a rapid fall in November and December being followed by a 
sharp rise in February and March, the values for the period May to October 
remaining practically unchanged. The cause of this variation which is most 
marked at Barrackpore remains obscure ; it was thought to be connected with 
the annual range of temperature of the observatory which is decidedly larger 
at Barrackpore than elsewhere and this view received support from the fact 
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that at Kodaikanal where the temperature range was least, there was practi- 
cally little or no indication of annual variation. 

The monthly mean temperatures at Barrackpore during 1910 however 
show so little variation that the connection of the phenomenon with tempera- 
ture is doubtful, though it may be remarked that the agreement of the monthly 
mean temperatures is somewhat fortuitous, the temperature range in some 
months being considerable. 

The mean monthly values of force computed with the observed base lines, 
exhibit an annual variation which accords with that obtained from other 
observatories, and the base line variation cannot be due to changes in tempera- 
ture co-efficient or scale value; it therefore seems clear that the variation is 
due to mechanical and not magnetic causes. 

2. Mean values of H. F. and declination constants.—The table below gives 
the mean monthly values of the Declination and H. F. constants during 
2910 :— 


Mean values of the constants of the Magnetometer No. 20 tn 1910. 


Dzortya- HORIZONTAL FORCE CONSTANTS. 


Mgaw vaLtog ov P’s 


Morrnzs. Rummage. 


v ecepted mean 
Mean Aceepted Accepted air = of ace of “m.” 
magnetic P P values of values of 
collimation 13 2°3 P P 
1°3 3°83 


January ~ 7’: 65" | 6°62 7°58 940°23 The accopted 
values of Pj-3 
and “m.”’ are 
those used in the 
computation of 
the results for 
1910, 

February . :58 | 649 | 765 940°22 

March . e :65| 659 7-73 940-25 

April . . ‘ :66 | 667 7-67 940 19 

May . . :57| 661 | 773 | # 3 940 19 2 

a a S 
to bo ° 
3 =] ao! 

June . ‘ i : 65 6 65 7-76 & z 940°18 e 

$s | 3 = 

Juy . .  . : 68 | 6°76 7:50 re) & 940-21 a 

August : P 258 | 6:86 7°45 940°14 

September . :55| 667 | 752 940°16 

Octcber ‘ . :64| 679 7°68 940-16 

Noveniber . . : 65} 673 7°66 940-28 

December. : :66/ 678 7°82 940 30 


3. Mean Base Line values.—The following table gives the mean observed 
values of the Base Lines of the Declination and Horizontal Force of mag- 
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netographs: the accepted values are those actually used in the computation of 
the monthly mean values. 
The V. F. base lines are not given owing to frequent changes. 


Abstract of base line value of Magnetographs tn 1910. 


DECLINATION, | Hosizomtat Forces. 
Morrse 1910. M beerved B 
"wale of. bailey Ram azxs. eeciceol ie line accent: Rum asks. 
base Iine. i line. ed 
January r ry ° —(* $ 4’:7 —9° 3 4'°7 | 87051 ‘87061 
February : : : 48 2 47 87049 ‘87049 
87051 | lst to 16to. 
°87053 =| 17th to 21st. 
March e e e 3 4°7 H 4°7 37061 
; $.055 | 22ad to 26th. 
(37057 | 27th to 81st. 
| ‘37060 | Ist to 6th. 
April 2 .  ; : 48 147 87065 |{ ‘37068 | 6th to 10th. 


| -s7065 11th to 30th, 
"87066 | Ist to 18th. 
May , . : 347 : 47 $7066 |/ 87068 | 16th to 28rd. 
87070 | 24th to 81st. 
“87072 =| Ist to 10th. 
87078 =| 1ith to 80th. 
37072 =| let to 16th. 
Jaly ° : : 247 247 87072 ‘87074 | 17th to 28rd. 
‘87077 =| 24th to Blt. 


June ? ; P : #7 : 47 $7078 


87080 | 1st to 10th. 
August . ; : : 4°7 : 47 *87062 aroma aie 
September sti 247 247 37084 | 87084 
(87080 | Ist to 16th. 
October . 1 46 1a «7080 [4 -37077 | 16th to 88rd. 
‘87074 | 24th to Bist. 
(87071 | 1st to 8th. 
‘87069 | 9th to 16th. 
November : ° : 48 247 87069 ‘87067 =| 17th to Si1st. 
i | "87065 | 28nd to 26th. 


("37063 | 237th to 80th. 

( °37060 | 1st to 6th. 
December . ° 47 : 4°7 87055 *87057 =| 7th to 13th. 

(‘37055 | 18th to Sist. 


4. Scale values and temperature range.—The mean scale values for the 
year are as follows: — 


H. F. , ~ 4867 
Declination . 1:08 minutes > for an ordinate of ,),”. 
VF. . ~ 4527 


The mean temperature of the observatory for the year was 82°2 O with 
maximum and minimum monthly values of 82°:2 C and 31°40: the range in 
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several months was however considerably greater than these figures would 
suggest. 

The temperature of reduction is 31° C. 

5. Secular changes, 1909-10.—The following table gives the mean monthly 
values of the magnetic elements for 1909 and 1910 and the secular changes 
during the interval :— 

These values should be siiinedial as preliminary only. 


Secular changes at Barrackpore in 1909-10, 


Horrzowrat Forcsz Dxouty aTION Dir VertTicat Foscz 
*37000 C.G.8. + E. 0°+ N.30° + °22000 C. G. 8. + 


Bemarxs. 


Moyrszs. 
1909. | 1910. 1900, | roio, | Seeslar| i909, | 910. | Change. 
' pe ae ee 7 1 
January ° 96°8 403 | +36 71 133 +63 
February , 366 40°9 43 72 141 69 
March 37°5 40°8 $°3 78 143 65 
April 87:0 41°6 46 82 153 71 
May. 87°6 41°9 43 | 88 164 76 
| 
Jane 38°1 42°) 40 | 96 167 71 
July 88°7 42°0 33 103 168 65 
August , 901 42:9 3°8 106 181 75 
September 59 59°8 543 5°6 40°4 | «+ 43°0 2°6 118 196 68 
October 68 59°7 64-0 57 43°0 43-6 1°6 133 187 64 
November 88 59°23 &3°5 57 3 re $°8 117 196 , 79 
Decomber &°4 40°8 43°5 2°7 130 193 63 
. | 


{ 
168 | +69 


C.—Touncoo OsBsERvVATORY. 


1. General remarks on working.—The observatory remained in charge of 
Abdul Majid during the year. 

The H. F. and declination magnetographs worked satisfactorily throughout 
the year. 

The V. F. magnetograph which had given trouble during the latter months 
of 1910 owing to frequent changes of zero, was readjusted by the officer in 
charge in December 1910. This readjustment was not altogether successful 
and a further readjustment was found necessary in July 1911: it is feared that 
the curves for the intervening period will have to be rejected. 

2, Mean values of H. F. and Declination constants.—The following table 
gives the mean monthly values of the magnetic collimation P,., and P,, and the 
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magnetic moment during 1910: the accepted values of P,, and “ m,’’ are those 
used in the computation of the observatory results :— 

The magnetic moment of magnet 19A continued to decrease rapidly 
throughout the year; this rapid decrease has been exhibited since the magnet 
was taken into use in May 1908 and it is evident that the magnet was not 
properly “aged” by the manufacturers. The rate of decrease was less rapid in 
1910 and it is hoped this improvement will continue. 


Mean values of the Constants of the Magnetometer No. 19 rn 1910, with Magnet No, 194. 


Deciina- | 
TION H. F. CONSTANTS. 
CONFTANTS , 
Maua¥ VaLugw Op P'S. 
Montus. Mean Noa Accepted Buuasxs. 
magnetic value « value 0 : 
Accepted Acce ted ae ry os yy 
collimation. P,'s P;’s vaine of | valee of m = 
— Py-s Ps:s 
é we 
( 886°05 (1) 896-05 (1) rae let January to 15th 
January ‘ 2 —1; 17 8°60 9°34 anua 
t 805°80 (2) ees one Peon, 19th January to 20th 
uary. 
February ° s 4 840 9°28 895°69 (3) 895°69 (3) om 2nd February to ist 
Marcb. 
March é : 3 16 8°50 9°46 895°45 (4) 805°45 (4) From Srd March to 9th 
pril. 
April . ° s ll 8°44 9°49 | 805'21 (6) 805 21 (5) From 12th April to 5th 
May. 
f { 896°0! (6) 8265'01 (6) From 7th to 2let May. 
May e ; P 8 8°64 9 37 } 
894°79 (7) ove (7) From 24th May to 7th 
e Pe June, 
8 =] 
So 
; a 5 
Juco. . 8 8°62 9°30 g S e968 (8) | 989468 | (8) From Sth to 26th June. 
A 5 
Jaly a 3 851 9°53 3 g 30456 (9) 
5 é ; (9) From 26th June to 16th 
= = t 604'56 August. 
August ‘ a | 8°57 cai ) 
894°23 (10) 804°23 (iC) From 18th August to 
September re | 8°63 } 22d September. 
59404 (11) és (11) From Ch pusepeembes to 
lith Octa 
October, . 27 8-63 69353 (12) 893:83 (12) From 13th to 3th Octo- 
r. 
893°38 (13) 803°36 (18) From 22nd October to 
November . ; 0; 53 6°45 { 22nd Noveu.ber. 
893°32 (14) 14) From 2%: h to Sth 
November. 
\ 
, 803 03 (15) 893 038 1 (18 From 8nd to 2th 
December . .| variable 8°53 | December. 
892°76 (16) . 


(18) From 24th to Slst Decem- 


| 


3. Mean Base Line values.—The table below gives the accepted Base Line 
of the H. F. and Declination magnetographs, used in computing the monthly 
values. 

The observed Declination base lines showed considerable variation and 
were rejected for the reasons given in the report for 1909-10. 

During the inspection of the officer in charge in December 1910, it 
was found that the torsion tube was not rigidly connected with the magnet box, 
owing to shake in the brass bush through which the connection is made. 
There was thus liability to observational and azimuthal errors sufficient to 
account for the variations in magnetic collimation and base line values. This 
defect was remedied and the base line values have since been satisfactory. 
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‘The Horizontal Force. observations were not affected ; the observatory 
instrument is of the Kew pattern in which different magnet boxes.are used for 
declination and deflection observations. 


Abstract of Base Line value of the Blagnetographs in 1910. 


DECLINATION, ‘+ Horizontrar Forcs. 
Monrtug, 1910. Mean Mean Aocepted 
gbaeeeea | Beno tine | mimamen, | Sbeerred | | tales Beware 
Rase line. Base line. | Bage line. 
| a 
January . . —O : 9:1 | For the reasons 
for which the 
observed Base 
February . ; : 91 | lines were re- 
jected—Scee 
report — for Up to 17th. 
March : ; : 91] 1909-10. 
From 18th March toe 9th 
‘ April. 
= oa Up to 9th. 
A ry e e o* 7 4 
ai » : From 13th April. 
o 
g ze To 22nd May. 
May ry — ° 9 l a 
a ze From 23rd May. 
& : To 7th June. 
i 
June & : Ol 3 8th to 26th June. 
= oer 
— © From 27th June. 
E a 
July ; % : 91 8 
= “a 
2 > To 16th August. 
August e ® = : 91 3 
. B From 17th (interpolated) to 
3 9 31st. 
a . To 22nd September. 
September . ; > : O1 a 
o From 23rd September to 
S llth October. 
To 11th October. 
October. , tol , 
From 12th October to 22nd 
N Ovew ber. 
To 22nd November, 
November . ; 7 Ol 
From 23rd November to 
3lst December. 
December . ; : O1 


4.. Scale values and temperature range.—The mean scale valuesin 1910 
are as follows :— 


H. F. Bb 48y 


Declination 1:04 minutes >for an ordinate of 51”. 


4°46 4 
VF. | 1 to 


The mean temperature of the observatory was 89°0 F. with, maximum and 
mwininum mean monthly values of 89°2 F. and 88°-7 F. 

5. Secular changes, 1909-10.—Yhe following table gives. the mean 
monthly values of the magnetic elements and the secular change for the .period 
1909-10. 
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Secular changesat Toungoo-¢n-1909-10. 


Horizontrat Forcr Trp Vuerticat Force. 
*33000 C. G. S. + N. 23° + *16u00 ©. G. 8, + 


—a —————— — a 


Dec LINatTION 
E. vu? + 


Mozrus. RemaRxs. 


Secular Secular 


| Seenlar 
change. 1909. 1910. change. 


i change. 


Secular 
1909. 1910. change. 12 19. 1910. 


1000. 1910. 


Y Y Y Y Y Y 
January . . 747 783 +36 82:3 273 | —49 10 1°6 
| 

February . ‘ ° 759 783 24 31°9 269 5-0 05 2:0 

March ‘ 7 7654 783 39 31°5 26°6 49 1°2 1°8 

April i, «4 776 788 12 31'1 25°9 53 0°6 26 

May e e e e 774 796 23 80°35 25 6 49 1°4 2°4 

Juco 2. ww 797 20 | g0-4 | 253 51 17 2-0 

July . e e ° 777 809 33 298 248 50 10 2°1 

August ‘ ® 780 609 29 29°3 241 5°2 14 23 

September . e 766 811 45 28°8 23 6 63 1°9 32°1 

October . . 735 799 64 28°6 23°4 6:2 3°0 2°3° * Mra obacrved 

valacs uf Vip. 

November e ° 774 815 41 28°] 22°9 63 17 1:8 ry) 
December , e ° 776 834 58 27'5 22°3 §°2 2°2 2°3 ry) 


D—KopAIKANAL OBSERVATORY. 


1. General. Remarks on working.—Surveyor Ramaswami Iyengar was in 
charge throughout the year. 
| Thanks are due to the Director, Solar Physics Observatory, for his cordial 
assistance in all matters connected with the magnetic work. 

The instruments worked satisfactorily throughout the year, except that as 
in other observatories it was necessary to adjust the balance of the V. F. 
magnet on several occasions. 

2. H. F. and declination constants.—The table below gives the mean 
observed monthly values of magnetic collimation, P,,; and P,; and magnetic 
moment: the accepted values of P,., and “m,” are those used for computing 
the monthly mean base lines. 

It will be noticed that the observed values of‘‘m,” show both sudden and 
gradual decreases of “m,,”’ which have been disregarded in deriving the accepted 
value: this conclusion was arrived at after consideration of the resulting 
monthly mean values of H. F. and independently of the investigation of 
*‘ personal error ” referred to elsewhere in this report, which has not yet been 
completed, 


108 RECORDS OF THE SURVEY OF INDIA, 1910-11. (Vor. IT. 


Mean values of the constants of the Magnetometer No. 16 in 1910. 


Decuina 


penis H. F, CONSTANTS. 
STANTS. 
Monrus. MEAN VALUE oF P's. REeMaRxs. 
Mean Mean Accepted 
weenue \ Accept- | Accept- | value of value of 
coll Pp oS ed value | ed value “mm.” 66m 
mation. 12 - 2:3: of of 
P j.2. P 2.3. 
ee fl : - C | 
January 6:90 9°13 91S°76 (1) (1) From 6th Janu- 
ary to 26th Febru- 
ary: 
February 6:97 9°25 918°76 
March 6°92 8°92 918°64 (3) (2) From Ist March 
: to 21st May. 
April . P 7:35 | 7:07 9:08 918°64 
May 8:98 . 918°64 
3 : 5 
June, 9:05 a 3 | 918°37(3) 2 (3) From 24th May 
# = ! B to 4th August. 
July 9°12 9 bp 918°37 = 
3 os + 
August . 9°20 a pe 918:21 (4) 4 (4) From 6th to 11th 
© pe cc) August. 
op 917°97 (6) o (5, From 138th to 
: 25th August. 
September 9:14 917°69(8) (6) From 27th Aug- 
| ust to 3lst Decem- 
ber. 
October , 8°82 917°69 
November 8°86 917°69 
December 9°07 917°69 


ee ae eee ee eee 
3. Mean Base Line values.—The table below gives the mean monthly ob- 


served and accepted values of the Declination and H. F. base lines: the ace 
cepted values are those used in computing the monthly mean values. 


Abstract of Base Line value of Maguetographs tn 1910. 


HORIZONTAL Forces. 


DECLINATION. 
Eee 
Monrus 1910. Po ae observed | Base 
valne line REMARKS. value line REMAgxe. 
i | Se | 
o  » o 7 = 
January . 1: 827] 1: 327 ‘36954 36954 
February 1: 32:9] 1: 829 "86950 36950 
March , : 1: 3:°8/ 1: 32°8 36949 36949 
April . ‘ ; 1: 33:0! 1: 33°0 36950 36950 
May 1: 831] 1: 88-1 | 35953 | °36952 
Jane . ° : .| 1: 33:2, 1: 88:2 ‘36950 36950 
July . | ‘ ‘ .| 1: 83:0) 1: 33°0 36947 ‘36947 
August 1: 329; 1: 32:9 "36946 “36946 
September 1: 827] 1: 327 36946 "36946 
October : ‘ 1: 32:7) 1: 32:7 36946 "36i) 16 
November 1: 331) 1: 33°) 36949 36949 
December . ; 1: 32:8] 1: 32°8 36949 "36949 
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4. Scale values and temperature range.—The mean scale values for the 
magnetographs during 1910 are as follows :— 


H. F. 6°14, ] 


Declination 1:03 minutes $for an ordinate of ;',”. 


The mean temperature of the magnetograph room for the year was 18"°9 O 
with maximum and minimum monthly mean values of 19°1 C and 18°’7 C. 

The selected mean temperature is 19°:0 C. 

5. Secular changes, 1909-10.—The table below gives the mean monthly 
values of the magnetic elements for 1909-10 with the secular change deduced 
during the interval :— 


Secular changes at Kodut/anal tn 1909-10. 


W. 0° + N. 3° + ‘0.000 C.G. 8.4 


Horiz0ONxXtTat Force DECLINATION Dip VERTICAL Force 
37000 C. G. 8S. + 


December ‘ : 463 611 48 62°] 74 6:3 42°1 ' $7°8 


Moras, Ruwarxs, 
1909, | 1910. ea i 1009. | 1910. ee 1909. | 1910. | Sy 1909, | 1910. praee 
’ Y Y : : ; 7 Y x - 
January . . P 413 451 +39 47°9 52°65 +46 36:1 41°8 +5°7 356 422 +66 
February . . .| 450 460 19 | 49:3 | 53-0 48 | 369 | 43:1 6-2 865 435 70 
March . . .| 4t0 430 so | 486 | 63:3 48 | 368 | 43% 6-6 965 439 7% 
April =. we 8688 ‘73° 7 | 493 | 542 49 | 383 | 437 64 $82 443 60 
My...) 483 453 20 | 408 | 547 49 | 386 | 442 5:6 $85 416 61 
June ° a j 464 482 18 6071 65:0 49 39°0 45°2 6°2 889 458 60 
July. . ee. 466 484 18 50°8 65'3 5°0 39°9 45'9 6-0 #00 6 66 
August . . «| 476 466 12 | 507 | 6557 50 | 309 | 46-4 65 401 472 71 
Beptember . .| 47 404 27 | 609 | 659 so | 401 | 467 6-6 402 476 r 
October . . .| 439 479 ao | 51-3 | 562 9 | a3 | 47-2 6-9 403 461 99 
November , .| 460 492 32 | 617 | 67-2 55 | 415 | 476 61 417 456 60 
| 
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B. Mean values of the magnetic elements at the observatories for 1910. 
C. Classification of curves and dates of magnetic disturbances in 1910. 


IlII-—-TABLES OF RESULTS. . 


INDEX TO TABLES. 
A, Approximate values of the magnetic elements at stations of observation during 1910-11. 


D. Tables of results at Dehra Din. 
Barrackpore. 


9) 33 
| ry » 
G. 39 3) 


Toungoo. 


K odaikanal. 


For each observatory the following tables are given :— 


1. Hourly means corrected for temperature, of Declination, Horizontal Force, Verti- 
cal Force and dip from 5 selected quiet days per month. 
2. Diurnal inequality of each deduced from 1. 
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A.—Abstract showing approximate magnetic values at stations observed at by No. 18 
Party during season 1910-11. 


ae Name of station. 
1331 | Mussoorie 

1332 | Port Anson . 
1333 | Port Andaman 
1334 | Paget Island. 


1335 


1336 
1337 
1838 
1339 
1340 
1341 


1842 
1348 
1344 
1345 
1346 
1347 
1348 
1349 
1350 
1361 
13852 
1353 
1364 
1355 
1356 


Mysore Mines 


(surface), 


Mysore Mines (ua- 
erground). 


Jhala . . : 

Barahat 

Barmer 

Dhoda 

Behari. ; 

Murree (Suony 
Bank). 

Muzaffarabad ° 

Uri. : 

Shalura 

Gurais . ‘ ° 

Hirpur . 

Islamabad . 

Inshin . 

Sof 

Banihal 

Ramban : 

Udhampur 

Poni ‘ 

Thana Mandi 

Changas Sarai 

Bhimbar 


Latitude. 


30 27 40 
1218 0 
12 48 10 
13 26 50 
12 635 30 


12 55 30 


31 1 50 
30 44 30 
25 44 40 
32 9 50 
33 23 20 
83 65 10 


34 22 10 
384 5 0 
34 29 30 
34 38 0 
33 40 50 
33 43 50 
33 48 30 
83 37 0 
83 26 2) 
33 13 30 
32 55 20 
33 4 50 
33 32°40 
33 14 40 
32 58 20 


FIELD 8TATIONS. 


Longitude. 


78 5 10 
92 43 0 
92 40 20 
92 50 0 
78 15 40 


78 16 49 


78 42 50 
78 27 10 
71 26 40 
74 41 50 
73 43 60 
73 23 20 


73 27 40 
74 2 60 
74 7 40 
74 51 60 
7443 0 
75 8 50 
75 33 40 
76 17 40 
75 12 0 
75 14 40 
75 7 30 
74 41 60 
74 22 0 
74 15 50 
74 450 


12 | E 
67 «| WW 
14 | ,, 
44, " 
6 | 
66 | ly, 
4 |e 
44 ” 
81 | 
44 1 ,, 
23 | 
6 0 
45 » 
is | ,, 
68 iy, 
4, 
66 | 
68 |, 
(ry 
46 ’» 
33 |, 
13 | , 
61 | ,, 
44 |] ,, 
Ca ae 
22] ,, 


o 2 0 mw bo Bn» 


) 


owwowowoweowowwe 86 868 86 &: » Oo @&W 


Declination. 


Horizontal 
force. 


0°3312 
3952 
"39.19 
"3952 
3815 


3820 


"3284 
"3291 
"3436 
3192 
3122 
"3093 


"3074 
"3099 
3066 
"8056 
"3119 
311% 
"3116 
“3131 
"3136 
3157 
"3166 
"3161 
3167 
"3132 
"2149 


REMARKS. 


C.G.8. - 


H is derived from mean ‘‘m,” throughout, 
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175 
181 
186 
187 
199 
207 
216 
223 
222 
283 
328 (a): 
332 
337 
875 
384 
481 
483 
489 
500 
5C4 
505 
506 
512 
518 
527 
530 


as 


Name of Stations. 


Ruk Junction 
Lahore . 
Pcshawar 
Kundian . 
Sachin 
Bikanez 
Ajmer 
Mirpur Khas 
Viraw gam 
Dhond ‘ 
Hotgi . 
Guntakal 
Arkonum 
Perambir 
Cannanore 
Birur 

Miraj 
Manmad 
Delhi . 
Sirs& 
Tinnevelly . 
Mandapam . 
Tanjore 
Parbhani 
Bezwida  . 
Allahabad 
Manikpur 
Monghyr 
Sini 
Ranigan) . 
Katrasgarh . 
Giridih . 
Buxar 


Katarnian Ghat 


Chapra 
Bettiah ° 
Barasn 
Bina . . 


season 1910-11—continued. 


OLp STATIONS RB-OBSERVED. 


Latitude. 


Longitude 


Dip. 


—_— mm bo © CO GW bb 


pa 


— ) 
a — >< > 2 


Declination, 


Horizontal 
Force. 


H is derived from mean m, throughout, 


REMARES. 
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Abstract showing apprortmate magnette vaines at stutions observed at by No. 18 Party during 


Serial No. 


ay 


55 
673 
5Y8 
692 
699 


710 
746 
765 
779 
820 
831 
860 
873 
874 
960 


Name of Stations. 


Indore . 
Cawn pore 

Kathgolam . 
Palasore 


Berhampur . 
(GanjAm) 


Cumbum 
Chanda 
Raipur 
Auraoti 
Mymensingh 
Santahar . 
Lumding 
Jamtara 
Dumka 


Dumraon 


9¢7(a)| Ballia 


1256(a)| Srinagar. 


1257(a)| Sonamarg . 


194 D 


195 D 


196 D 
187 D 
198 D 
199 D 
200 D 
201 D 
202 D 
203 D 
204 D 
206 D 
206 D 
207 D 
208 D 
202 D 


Jorapokhar . 
Barari (Under- 
ground). 
Dhanbaid 
Jogta . 
Do. (Under- 
ground). 
Matari. 
Sadhobad . 
Sitalpur : 
Tundi , 
Noaland . 
Ubcharia. 
Agiarkund . 
Sitalpur ; 
Koriatand 
Chiliwan 
Raghunathpor 


s-ason 1910-11—continuel. 


Oxp STATIONS RE-OBSERVED—concluded. 


Latitude. | Lozgitude. 


Declination. 


’ 


Horizontal 
Force 


Cc. G. &. 


| 

22 42 10 75 62 49| 30 62 | BE, 0 43] 03680 
23 27 0 80 21 0 37 388 /, 1 0 03532 
29 15 20 79 32 60; 42 2 |,, 2 17 03381 
21 30 30; 86 64 4, 28 19 | , 0 27/ 03763 
19 18 10/84 48 40; 23 53 | , O 7] 0:3807 

.| 15 35 50/79 6 wo! 16 20 | W. 0 61| 03816 
19 57 60] 79 17 ie 25 20 | BE. 0 | 03744 
21 15 60/81 38 20| 28 12 | , ©O 85| 08719 
a) 55 3)|77 45 50, 27 46 |, O 18| 023687 
24 46 0/90 23 ws 84 47 | » 1 6| 03670 
.|24 48 10/88 59 2. 34 39 | ,, 1 7| 03678 
25 44 59 | 93 10 ‘sf 36 24 |, 1 8] 0:667 
23 38 40/83 48 50, 33 14 4 0 89) 03666 
24 16 59] 87 14 00 33 38)! 4 1 12] 03665 
-|25 84 40/84 7 80) 36 17 » 0 6] 03542 
-|25 45 10/84 10 10, 37 8 , 0 53] 0:3546 
34. 8 50/74 50 49 27 | » 8 51/| 039.9 
75 18 49 43, 8 49) 03034 


.| 34 18 3) 


.| 23 41 50 
23 41 30 


23 48 10 

/ 33 47 30 
23 47 30 
- 23° 69 
; 23 62 650 
| 23 69 O 
.| 23 58 30 
.' 23 63 O 
/ 23 49 30 
: 23 45 10 
| 23 44 0 
. 23 40 LO 
| 23 37 30 
23 32 50 


50 


| 86 

86 
86 
| 86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 


ee > oe 


i) 


om > ee > io ee ee 


56 
59 


az > me bd 


0°3684 


0°3688 


0°3679 
0°.672 
0:3674 
03675 
0°3662 
0 3:76 
("3075 
0°3668 
0 3674 
0°3695 


0°2697 
0°3693 
0 3682 
0°3670 


' REMARKS. 


“m,” throughont, 


AH is derived from mean 


H is cerived from mean “m,” throughout. 
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Abstract showing anvprortmate magnetic values at stutions observed at ly No. 18 Parly 
during season 1910-11—continued. 


DetaiL Survey Stations—con/tnued, 


Serial 
Oo: 


210D 
211D 
212D 


212) 
(a) 


213D 
214D 
215D 


215D 
(2) 
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REMARKS. 


H is derived from mean “m,” throughout, 
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Abstract showtng approximate magnelte values at stations observed at by No. 18 Party during 
season 1910-11—continued, 


a” 


Detatu Survey Stratrrons—concludcad. 


‘ Latitude. | Longitude. Dip. Declination. ee 

é Name of Stations. Rewaggs 
3 en ae =. % ° ' | @a@.s 

244D| Mudkutta . .| 23 66 30/86 12 30 83 27 | E. 0 465 0°3624 

2451] Rungamuttee .| £3 58 20/86 2 60 93. 9 | wo TD 7 0'3485 

246D| Chauss - +-/25 31 10/83 64 10 °5 66 | w 1 10 0°3584 

247D| Kiritppra . .| 295 83 0/83 66 29 95 47 | . 2 24 0°3577 

218D| Muhudeh . «.!26 31 40/84 1 10 37 10 | » 8 10 0:3609 

249D |} Busoodhnr . -|°5 27 20184 8 O 37 «47 » Ll 563 0°3623 

20D! Uhroslee . -'25 25 40/84 O 30 388 1!, 3 32 0°3553 

251D/ Chunda 9 34 50/84 4 20 37 49 | , O 1 0'3530 

252D |} Manikpur 295 40 20/84 5 20 36 6i | , O 29 0°3589 

253D| Rajapyr 2% 49 69/84 9 40 36 31 | » O 50 0°3575 

254D| Urak 26 87 0/84 12 40] 36 16 |, 1 11] 0:3583 3 
255D! Reheea 95 33 0.84 13 70 36 15 | , 1 18 0664 E; 
256D| Koorand . 25 28 40/94 ll O 36 49 » O 3% 0°3566 3 
267D| Naine 25 60 20 84 42 50 37 23 | , O 45 0°3563 a 
2631) | Mubarakpur. 26 46 30 8% 40 20 37 22 » OO 89 0°3606 3 
2591)! Telpa . | 25 47 10:84 45 40 26 36 | , O 42 C°3595 : 
260D] Mashrak 26 6 O | R84 48 650 36 39 | , 4.1 19 0°3568 . 
2°1D! Paterhi ‘ 25 64 40 84 48 20 37 33 | «61 (18 0'3528 zs 
262) Reoti . °5 49 40 | 84 22 6 36 42 | ,, 1 56 03578 2 
263D| Phephna. 95 45 5 | 8 3 20 37 34 1, 2. 7 03512 

264D | Luthoodceh . 25 42 10 83 52 50 36 O|] , 1 51 0:35''6 

26D Bare : 25 387 10 | 88 55 20 36 27 | , 1 42 C3578 

266D_ FPehca 25 33 O 8t 27 40 36 61, %L 2 0:3589 
ae : 25 19 40°84 2b 0 35 38 |, O 569 0°3617 
eee 25 13 ale 1 Oo] 2% 26], 1 6] 0-333 

969D | Dinara . 185 16 om 3 20 35 31 | , 1 26 0 3627 

970D | Mancharpur .|25 21 0 , 83 54 On 35 37 | , 1 32 0:3616 

271D! Parusthoos . {25 13 10 | 83 48 380 35 25 | , 1 25 0°3603 

a72D Mohanea » .| 2 9 sf ls $7 30 35 19 | , 1 8 0°3599 

2731) Sosarim gsi | DOB 10 | 84 0 20 34 52 | , 1 8 0364 


1’ | Udaipur 24 35 33/73 41 67| 34 10] E. 1 18]  o-gsai g 
IJ | Karachi . ./24 49 50,67 2 2 34 38 | » 1 42 “3446 Bd 
Il | Quetta . ./ 30 11 62/67 0 20 43 30 |, 3 7 3215 we 
IV | Babawalpne .| 29 23 27/71 46 £7 42 26 | , 2 49 2306 co 
Vio | Vharatpor .| 27 13 27177 29 28 38 659 » 1 6&2 3452 HS 


VoL. II.] MAGNETIC SURVEY. 115 


Abstract showing approximate magnetse values at stations observed at by No. 18 Party during 
season 1910-L1—concluded. 


Repeat StatioNs—concluded. 


Latitude. |{ Longitude. Dip. Declination. | Horizontel 
ee Name of Stativas. |_——___  —_—____ |_—________ | acca! Remanxs. 
So wee we wel, ws 4 Sa Yee 
VII | Bangalore 12 69 35/77 385 58 19 7 | W.0 8 3818 
VILI | Dharwar 15 27 26/74 69 35 16 44 | ., O 23 3766 
IX | Porbandar 21 88 20/69 37 6 29 «8 E. 1 1l 3588 
X | Fyzabad . .| 26 47 27/82 7 40|/ 88 12] , 1 38 3525 
XI | Sambalpur $1 28 3/83 68 24 23 8 |, O 36 3730 | as 
X11 | Waltair . 17 42 67/83 19 1]; 21 27 |, 0 O 3789 é, 
XIII | Darjeeling 26 69 49/88 16 39 865 31 | , 1 21 ‘3568 g 
XIV | Gaya : .| 24 46 80) 84 58 54 34 31 » O 68 3661 > 
XV | Secunderabad ., 17 27 11] 78 29 16 20 26 |, 0 6 3792 - 
XVI | Bhustval. .|22 4% 46/75 47 18 27 20 |, O 42 ‘8677 E 
XVII | Jubbulpore ./ 23 8 67/79 66 44 31 21 | ,, O 54 3643 5 
XVIII | Tavoy . .{[14 4 60/98 12 8] 12 111] ,, 0 20 3963 ‘2 
XIX | Lashio 22 55 47/97 44 40 31 21 |, Oo 33 | 3768 E 
XX | Akyab . ./20 7 53/92 53 18| 25 33 | , 0 30 +3839 tr 
XXI | Silchar or Cachar| 24 49 48/92 47 21 $4 48 | , O 87 3692 | 
XXII | Dibragarh 27 29 24/94 65 40| 39 36 |, 1 2 3584 | 
XXIII | Port Blair .| 11 39 10/92 43 13 6 20 | W.0 15 3963 | 


| 
DN a) 


Nots.—The above values of Dip, Declination and Horiz ntal Force are uncorrected for secular change, 
diurnal variation, instrumental differences, etv., and are to be considered preliminary \alues only. 
Where blanks occur, values have already been found during previous field sussous, or the observations have 


nut been completed. - 
All Longitudes are referable to that of Madras Observatory taken at the value 80° 14’ 64” E.st from 


Greenwich. 
B.— Mean values of Magnettc Elements at Observatortes during 1910. 
Observatories. : eclination. gaia oe Vertical Foree. 
Debra Dan N. 48 64'8 ‘32019 
Barrackpore . N. 80 42°2 ‘22168 
Toungoo . . ° N. 2 21 "16448 
N. 83 462 02459 
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PART VII.—REPRODUCING OFFICES. 


PHOTO.-LITHG. OFFICE. 


By Captain A. H. Gwyn, J.A. 
Photo. Branch.—The out-put of negatives, with the cost per 100 sq. inches 
for the last three years, is as follows :— 


1908-09—2,173,868 sq. in. costing Re, 0-49 per 100 sq. in. 
1909-10—1,913,889 ,, y» 5, 05-7 , 4 
1910-11—2,786,295 , , » 0-60 , 4 

The decrease in out-put is chiefly in reprints of old standard sheets the 
stocks of which are now replenished. The old sheets, while twice the size of 
the modern sheets, required less retouching or ‘duffing’ than is required for 
modern sheets in colours. : 

There has been some increase inthe proportion of intricate coloured maps 
prepared by the method of duffing for colours, to which the higher cost may be 
ascribed in part ; it is also partly due to the fact that the majority of the staff 
of negative retouchers were recruited about 1908-09 and received comparative- 
ly low pay while under training. 

In the studio an “iron base’ camera on an iron stand was introduced 
and proved most successful in combating vibration. The 30” x 24" camera was 
successfully converted by the Mathematical Instrument Office to the same type 
as the 36” x 36”. 

The preparation ‘‘ Photopake” has supplanted Indian ink as a duffing 
medium ; it is more expensive but more efficient. 

Mr. Taylor continued his experiments with ‘three-colour’ blocks, and has 
obtained further good results, in the direction of increased colour-sensitiveness 
and higher speed. A set of spectroscopic tests of some well-known commercial 
dry plates against the office emulsion is in progress. 

The process engraving section still suffers from insufficient work. The 
area of blocks and plates turned out was 9,206 sq. inches, as compared with 
15,091 sq. inches in 1909-10 and 10,452 sq. inches in 1908-09. The income of 
this section exceeded its expenditure by Rs. 1,255. 7 

Litho. Branch.—The out-put of map printing fell off a little. In 1908-09 
it was 1,506,607 pulls ; in 1909-10, 1,574,180 and in 1910-11 only 1,383,147 ; 
no arrears of printing were left over to the next year. One hundred and sixty- 
four one-inch sheets were printed, as against 239 in 1909-10; this accounts for 
part of the decrease. A flat-bed rubber offset machine has been ordered from 
England. 

General.—The total cost of the office which had been decreasing since 
1907-08, when it was Rs. 1,88,966, has risen again slightly. For 1910-11 it 
has been Rs. ],64,193, or deducting the pay of non-gazetted officers for Septem- 
ber which should rightly fall in 1911-12, Rs. 1,54,639, an increase of Rs, 145 
compared with the corresponding figures for 1909-10. 
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APPENDIX... ..—. 
LIST OF SURVEY OF INDIA PUBLICATIONS. 


Publications marked : can be obtained from the Superintendent, a Gan ae Surveys, Dehra Din. 


<3 ee a Re +. the. . cr in’ charge, p Record & Issua Office, 13, Wood Street, 
alcutta. 
es +7 T- <8 5 re ear Tae in charge, Mathematical Instrument Office, 15, Wood Street, 
alcutta. 
Ta » 4 15 me », _ the Officer in charge, Surveyor General’s Office, 13, Wood Street, Calcutta. 
Remaining publications are either out of print or are not available for issue. -— —. 


ACCOUNT OF THE OPERATIONS OF THE GREAT TRIGONOMETRICAL SURVEY OF INDIA. 


Price Rupees 10-8 per volume, except where otherwise stated. 


Volume, I. Tho Standards of Measure and the Base-Lines, also an Introductory Account of the early Operations 
of the Survey, during the period of 1800-1830. By Colonel J. T. Walker, R.E., F.R.S.,-etc., etc., 
Superintendent of the Survey. Dehra Din, 1870 (out of print). 


Do. II. History and General Description of the Pancipal Triangulation, and of its Reduction. By Colonel 
J.T. Walker, C.B., R.E., F.R.S., etc., etc., Surveyor-General of Indiu and Superintendent of the 
Survey, and his Assistants. Dehra Duin, 1879 (out of print). 


Do. _ III. The Principal Triangulation, the Base-Line Figures, the Kardchi Longitudinal, N. W. Himalaya, 
and the Great Indus Series of the North-West Quadrilateral. By Culonel J. T. Walker, RE. 
F.R.S., etc., etc., Superintendent of the Trigonometrical Survey, and his Assistants. Dehra Din, 
1873 (out of print). 


Do. IV. The Principal Triangulation, the Great Arc—Section 24°—30°, Rahn, Gurhdgarh and Jog{-Tila 
Meridional Series and the Sutlej Series of the North-West Quadrilateral. By Colonel J. T. 
Walker, R.E., F.R.S., etc., etc., Superintendent of the Trigonometrical Survey, and his Assistants. 
Dehra Din, 1876.* 


Do. IVA. General Description of the Principal Triangulation of the Jodhpore and the Eastern Sind Meridional 
Series of the North-West Quadrilatera], with the Details of their Reduction and the Final 
Results. Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel C. T. 
Haig, R.E., Officiating Deputy Surveyor-General, in charge, and published under the orders of 
Colonel G. OC. DePrée, S.C., Surveyor-General of India. Dehra Din, 1886." 


Do. V. Details of the Pendulum Operations by Captains J. P. Basevi, R.E., and W. J. Heaviside, R.E., 
and of their Reduction. Prepared under the directions of Major-General J. T. Walker, C.B. 
R.E., F.R.S., ete., etc., Surveyor-General of India and Superintendent of the Trigonometrical 
Survey. Dehra Diin and Calcutta, 1879.* © 


Do. VI. The Principal Triangulation of the South-East Quadrilateral, enone: the Great Arc—Section 
18° to 24°, the East Coast Series, the Calcutta and the Bider Longitudinal Series, the Jabalpur 
and the BilAspur Meridional Series, and the details of their Simultaneous Reduction. Prepared 
under the directions of Major-General J. T. Walker, U.B., R.E., F.R.S., etc., etc., Surveyor- 
General of India and Superintendent of the Trigonometrical Survey. Dehra Din, 1880 
(out of print). ar 

Do. VII. General Description of the Principal Triangulation of the Nort-East Quadrilateral, including the 
Simultaneous Reduction and the Details of five of the component Series, the North-East Longi- 
tudinal, the Budhon Meridional, the Rangir Meridional, the Amua Meridional, and the Kariara 
Meridional. Prepared under the directions of Ineutenant-General J. T. Walker, C.B., R.E., 
F.R.S., etc., etc., Surveyor-General of India and Superintendent of the Trigonometrical Survey. 
Dehra Din, 1882.* : | 


Do. VIII. Details of the Principal Triangulation of eleven of the component Series of the North-East Quadri- 
lateral, including the following Series; the Gurwani Meridional, the ‘Gora Meridional, the 
Hurilaong Mcridional, the Chendwar Meridional, the North Parasndth Meridional, the North 
Maliuncha Meridional, the Calcutta Meridional, the East Calcutta Longitudinal, the Brahmaputra 
Meridional, the Eastern Frontier—Section 23° to 26°, and tho Assam Longitudinal. Prepared 
under the directions of Lieutenant-General J. T. Walker, U.B., R.E., F.R.S., etc., etc., Surveyor- 
General of lndia and Superintendent of the Trigonometrical Survey. Dehra Din, 1882.* 


Do. IX. Electro-Telegraphic Longitude Operations executed during the years 1875-77 and 1880-81, by 
Lieutenant-Colonel W. M. Campbell, R.E., and Major W. J. Heaviside, R.E. Prepared under the 
directions of Lieutenant-General J. T. Walker, C.B., R.E., F.R.S., etc., etc., Surveyor-General 
of India and Superintendent of the Trigonometrical Survey. Dehra Din, 1883." 


Do. X. Electro-Telegraphic Longitude Operations executed during the years 1881-82, 1882-83 and 1883-84, by 
Major G. Strahan, R.K., and Major W. J. Heaviside, R.E. Prepared under the directions of 
Colonel C. T. Haig, R.E.. Deputy Surveyor-General, Trigonometrical Branch, and published under 
the orders of Colonel H. R. Thuillier, R.E., Surveyor-General of India. Dehra Din, 18387." 


Do. XJ. ‘Astronomical Observations for Latitude made during the period 1805 to 1885, with a General 
Description of the Operations and Final Results. Prepared under the directions of Lieutenant- 
Colonel G. Strahan, R.E., Deputy Surveyor-General, Trigonometrical Branch, and published 
under the orders of Colonel H. KR. Thuillier, R.E., Surveyor-General of India. Dchra Din, 1890.* 


Do. XII. Gencral Description of the Principal Triangulation of the Southern Trigon, including the Simul- 
taneous Reduction and the Details of two of the component Series, the Great Arc Meridional— 
Section 8° to 18°, and the Bombay Longitudinal. Prepared under the directions of LTieutenant- 
Colonel G. Strahan, R.E., Deputy Surveyor-General, Trigonometrical Branch, and published 
under the orders of Colonel H. R. Thuillier, BR.E., Surveyor-General of India. Dehra Din, 1890.* 


Do. XIII. Details of the Principal Triangulation of five of the component Series of the Southern Trigon, in- 
: cluding the following series; the South Konkan Coast, the Mangalore Meridional, the Madrae 
Meridional and Coast, the South-East Coast, and the Madras Longitudinal. Prepared under the 
directions of Lieutenant-Colonel G@. Strahan, R.E., Deputy Surveyor-General, Trigonometrical 
Branch, and published under the orders of Colonel H. R. Thuillier, R.E., Surveyor-General of 

India. Dehra Din, 1890.* 


Na. XIV. Gencral Description of the Principal Triangulation of the South-West Quadrilateral, including the 
Simultaneous Reduction and the Details of its component Series. Prepared under the directions 
of W. H. Cole, Esq., M.A., Officiating Deputy Surveyor-General, Trigonometrical Branch, anid 
published under the orders of Colonel H. R. Thudher, R.E., Surveyor-General of India. Dehra 
Dun, 1890." Ve 
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XV. 


XVII. 


XVIII. 


XIX. 


XIXA. 


XIXB. 
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Electro-Telegraphic Longitude Operations exccuted during the years 1885-86, 1887-88, 1889-90 and 
1891-92, and the Revised Results of Arcs contained in Volumes IX and X; ‘also the ‘Simultaneous 
Reduction and the Final Results of the whole of the Operations. Prepared under the directions 
of Colonel G. Strahan, R.E., Deputy Surveyor-General, Triqonometrical Branch, and published 
under the orders of Colonel H. BR. Thuillier, REL, Surveyor-General of India. Dehra Din, 1893.* 


Details of the Tidal Observations taken during the period from 1873 to 1892 and a Description of the 
Methods of Reduction. Prepured under the directions of Major S. G. Burrard, R.E., Superinten- 
dent, Trigonometrical Surveys, and published under the orders of Colonel St. G. C. Gore, B.E’., 
Surveyor-General of India. Dehra Din, 1901." 

Electro-Telegraphic Longitude Operations executed during the years 1894-95-96. The Indo-European 
Arcs from Rariachi to Greenwich. Prepared under the directions of Major 8S. G. Burrard, R.E., 
Superintendent, Trigonometrical Surveys, and published under the orders of Colonel St. G. C. Gore, 
K.k., Surveyor-General of India, Dehra Dun, 1901." 

Astronomical Observations for Latitude made during the period 1885 to 1905 and the Deduced Values 
of the Detlections of the Plumb-line. Prepared under the directions of Lieutenant-Colonel 8S. G. 
Burrard, RE. FRWS., Superintendent, Triqonometrical Surveys, and published under the orders 
of Colonel F. B. Longe, R.E., Surveyor-General of India. Dehra Din, 1906.* 

Levelling of Precision in India (1858 to 190%). By Colunel S. G. Burrard, R.E., F.R.S., Superinten- 
dent, Trigonometrical Surveys. Dehra Dun, 1910.* 

Descriptions and Heights of Bench-marks on the Southern Lines of Levelling. Prepared under the 
directions of Colonel S. G. Burrard, RUE., F.RLS., Superintendent, Trigonometrical Surveys. 
Dehra Dun, 1910. Price Rs. 5.* 

Descriptions and Heights of Bench-marks on the Northern Lines of Levelling. Prepared under the 
directions of Colonel S. G. Burrard, RE. FAS. Superintendent, Trigonometrical Surveys. 
Dehra Dun, 1910. Price Rs. 5.* 


SYNOPSES OF THE RESULTS OF THE OPERATIONS OF THE GREAT TRIGONOMETRICAL SURVEY OF 
INDIA, COMPRISING DESCRIPTIONS, CO-ORDINATES, ETC., OF THI PRINCIPAL AND SECONDARY 


STATIONS AND OTHER FIXED POINTS OF THE SEVERAL SERIES OF TRIANGLES. 


Volume 


Do. 


Do. 


Do. 


I. 


IT. 


IIT. 


IV. 


V. 


VI. 


VII. 


VITA. 


VIII. 


XI. 


XIT. 


AITT. 


ALITA. 


XIV. 


XV. 


Price Rupees 2 per volume, ercept where othericise stated. 


The Great Indus Series, or Series )) of the North-West Quadrilateral. By Colonel J. T. Walker, 
RKB. FRWS., ete., etc., Superintendent of the Trigonumetrical Survey, and his Assistunts. 
Dehra Dun, 1874.*t 

The Great Arc—Section 24° to 30°, or Series A of the North-West Quadrilateral. By Colonel J. T. 
Walker, REL, F.LLS., ete., etc., Supertntendent of the Survey, and his Assistants. Dehra Din, 

1874.*f 

The Karachi Longitudinal Series, or Series B of the North-West Quadrilateral. By Colonel J. T. 
Walker, 2LE., FuLLS., ete., ete. ., Superintendent of the Survey, and his Assistants. Dehra Din, 
1874.*t 

The Gurhigarh Meridional Series, or Series F of the North-West Quadrilateral. By Colonel J. T. 
Walker, RE., FRS., ete., etc., Supertntendent of the Survey, and his Assistants. Dehra Din, 
1875.*+ 

The Rahin Meriodional Series, or Series E of the North-West Quadrilateral. By Colonel J. T. 
Walker, REL, F.S., etc., etc., Superintendent of the Survey, and his Assistants. Dehra Din, 

S75." F 

The Jogi-Tila Meridional Series, or Series G, and the Sutlej Series, or Series H of the North-West 
Quadrilateral. By Colonel J. T. Walker, REL, PRS., ete., etc., Superintendent of the Survey, 
and his Assistants. Dehra Dun, 1875."T 

The North-West Himalava Series, or Series C of the North-West Quadrilateral, and the Triangula- 
tion of the Kashmir Survey. By Major-General J. T. Walker, C.B., RUE., F.RWS., etc., ete., 
Surveyor-General of India and Superintendent of the Survey, and his Assistants. Dehra Dun, 
1879. (This volume is of great use to mountaineers.)*t 


The Jodhpore Meridional Serics and the Eastern Sind Meridional Series of the North-West Quadri- 
lateral. Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel C. T. 
Haig, R.E., Deputy Surveyor-General, in charge, and published under the orders of Colonel H. R. 
Thuillier, R.E. , Surveyor-General of India. Uchra Dun, 1887.*t 


The Great Are—Section 18° to 24°, or Series A of the South-East Quadrilateral. By Colonel J. T. 
Walker, C.B., H.E., F.RWS., etc., etc.. Superintendent of the Survey, and his Assistants. Dehra 
Din, 1878.*t 

The oo ae Meridional Series, or Series EF of the South-East Quadrilateral. By Colonel J. T. 
Walker, C.B., R.E., FRS., "ete., etc., Sureyor-General of India and Superintendent of the 
Survey, and his Assistants. Dehra Din, 1878.*t 

The Bider Longitudinal Series, or Series D of the South-East Quadrilateral. By Major-General 
J.T. Walker, CB, Rab, PARS., ete., ete., Surveyor-General of India and Superintendent of the 
Survey, and his Assistants. Delira Dun, 1880. i 

The Bilispur Meridional Series, or Series F of the South-Fast Quadrilateral. By Major-General 
J.T. Walker, C.B., Rade. FRWS., etc.. ete., Surveyor-General of India and Superintendent of the 
Survey, and his Assistants. Dehra Diin, 1880.*+ 

The Calentta Longitudinal Series, or Series B of the South-East Quadrilateral. By Major-General 
J.T. Walker, CB, REL, BUR WS., ete., etc., Surveyor-General of India and Superintendent of the 
Survey, and his Assistants. Dehra Dun, 1880.*T 

The East Coast Serics, or Series C of the South-East Quadrilateral. By Mojor-General J. T. Walker, 
C.B., REL, PRWS., ete., ete., Surveyor-General of Lidia and Supe:intendent of the Survey, and 
his Assistants. Dehra Din, 1850.*T 

The South Pirasnaith Meridional Series and the South Maluncha Meridional Series of the South- 
East Quadrilateral. Prepared in the Office of the Trigonometrical Branch, Survey of India, 
Colonel C. T. Haig, R. E., Officiating Deputy Surveyor-General, in charge, and published under 
the orders of Coionel G. C. "DeP ree, 8.C., Surveyor-General of India. Dehra Din, 1885.*t 


The Budhon Meridiona) Series, or Series J of the North-East Quadrilateral. By Lieutenant- 
General J. T. Walker, C.B., BR.E., FURS., -ete., ete., Surveyor-General of India and Superinten- 
dent of the Survey, and his Assistants. Dehra Din, 1883.*t 

Tho Ranyir Meridional Scries, or Series A of the North-East Quadrilateral. By Tieutenant~ 
General J. T. Walker, C.B., RF. FRS.. ete., ete., Nurveyor-General of India and Superine 
tendent of the Survey, and his Assistants. Dehra Din, 1883." tf 
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The Amua Meridional Series, or Series Z, and the Kardra Meridional Series, or Series Af of the 
North-East Quadrilateral. By Lieutenant-General J. T. Walker, C.B., R.E., F.R.S., etc., ete., 
ee of India and Superintendent of the Survey, and his Assistants. Dehra Dun, 


The Gurwani Meridional Series, or Series N, and the Gora Meridional Series, or Series O of the 
North-East Quadrilateral. By Lieutenant-Greneral J. T. Walker, C.B., R.E., F.R.S., etc., ete., 
il of India and Superintendent of the Survey, and his Assistants. Dehra Dun, 


The Hurilaong Meridional Series, or Series P, and the Chendwar Meridional Series, or Series Q of 
the North-East Quadrilateral. By Lieutenant-General J. T. Walker, C.B., R.E., F.R.S., ete., 
etc., Surveyor-General of India and Superintendent of the Survey, and his Assistants. Dehra 
Din, 1883.*t ; 

The North Pérasnath Meridional Series, or Series R, and the North Malincha Meridional Series, 
or Series S of the North-East Quadrilateral. Prepared by J. B. N. Hennessey, Esq., M.A., 
F.R.S., etc., etc., Officiating Deputy Surveyor-General, in charge of Trigonometrical Surveys, and 
his Assistants, and published under the orders of Colonel G. C. DePrée, S.C., Officiating Surveyor- 
General of India. Dehra Din, 1883.*t 

The Calcutta Meridional Series, or Series 7, and the Brahmaputra Meridional Series, or Series V 
of the North-East Quadrilateral. Prepared by J. B. N. Hennessey, Esq., M.A., F.R.S., etc., etc., 
Officiating Deputy Surveyor-General, in charge of Trigonometrical Surveys, and his Assistants, and 
published under the orders of Colonel G. C. DePrée, S.C., Officiating Surveyor-General of India. 
Dehra Din, 1883.*t 

The East Calcutta Longitudinal Series, or Series U, and the Eastern Frontier Series—Section 23° 
to 26°, or Series TW of the North-East Quadrilateral. Prepared by J. B. N. Hennessey, Esq., 
M.A., F.R.S., etc., etc., Officiating Deputy Surveyor-General, in charge of Trigonometrical 
Surveys, and his Assistants, and published under the orders of Colonel G’ CU. DePrée, S.C., Officiat- 
ing Surveyor-General of India. Dehra Din, 1883.*t 

The Assam Valley Triangulation, E. of Meridian 92°, emanating from the Assam Longitudinal 
Series, or Series X of the North-East Quadrilateral. Prepared in the Office of the Trigonometrical. 
Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor-General, in charge, and 
published under the orders of Colonel H. R. Thuillier, R.E., Surveyor-General of India. Preli- 
minary Issue. Dehra Din, 1891 (out of print). 


The South Konkan Coast Series, or Series ( of the Southern Trigon. Prepared in the Office of 
the Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor-General, 
in charge, and published under the orders of Colonel H. t., Thuillier, R.E., Sureyor-General of 
India. Dehra Din, 1891.*t 


The Mangalore Meridional Series, or Series D of the Southern Trigon. Prepared in the Office of 
the Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor-General, 
in charge, and published under the orders of Colonel H. R. Thuillier, R.E., Surveyor-General of 
India. Dehra Din, 1891.*tf 

The South-East Coast Series, or Series F of the Southern Trigon. Prepared in the Office of the 
Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor-General, in 
charge, and published under the orders of Colonel H. R. Thuillier, R.E., Surveyor-General of 
India. Dehra Din, 1891.*t . 


The Bombay Longitudinal Series, or Series B of the Southern Trigon. Prepared in the Office of the 
Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor-General, 
in charge, and published under the orders of Colonel H. R. Thuillier, R.E., Surveyor-General of 
India. Dehra Din, 1892.*t 


The Madras Longitudinal Series, or Series G of the Southern Trigon. Prepared in the Office of 
the Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor-General, 
in charge, and published under the orders of Colonel H. R. Thuillier, R.E., Surveyor-General of 
India. Dehra Din, 1892.*t 


The Madras Meridional and Coast Series, or Series E of the Southern Trigon. Prepared in the 
Office of the Trigonometrical Branch, Survey of India, Colonel G. Strahan, K.E., Deputy Surveyor- 
General, in charge, and published under the orders of Colonel H. R. Thuillier, R.E., Surveyor- 
General of India. Dehra Dun, 1892.*t 


The Great Arc Meridional Series—Section 8° to 18°, or Series A of the Southern Trigon. Prepared 
in the Office of the Trigonometrical Branch, Survey of India, Lieutenant-Colonel St. G. C. Gore, 
R.E., Superintendent, Trigonometrical Surveys, in charge, and published under the orders of 
Colonel G. Strahan, R.E., Surveyor-General of India. Dehra Din, 1899.*t 


The Abu Meridional Series, or Series J, and the Gujardt Longitudinal Series, or Series K of the 
South-West Quadrilateral. Prepared in the Office of the Trigonometrical Branch, Survey of 
India, Colonel G. Strahan, R.E., Deputy Surveyor-General, in charge, and published under the 
orders of Colonel H. R. Thuillier, R.E., Surveyor-General of India. Dehra Din, 1892.*t 


The Khanpisura Meridional Series, or Series G of the.South-West Quadrilateral. Prepared in the 
Office of the Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor- 
General, in charge, and published under the orders of Colonel H. BR. Thuillier, R.E., Surveyor- 
General of India. Dehra Din, 1893."t 


The Singi Meridional Series, or Series H of the South-West Quadrilateral. Prepared in the Office 
of the Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor- 
General, in charge, and published under the orders of Colonel H. R. Thuillier, R.E., Surveyor- 
General of India. Dehra Din, 1893.*t 


The Cutch Coast Series, or Series L of the South-West Quadrilateral. Prepared in the Office of the 
Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.F., Deputy Surveyor-General, 
in charge, and published under the orders of Colonel H. R. Thuillier, O.1.E., R.E., Surveyor- 
General of India. Dehra Din, 1893.*T 


XXXIV. The Kathidwdr Meridional Series. or Series J of the Sonth-West Quadrilateral. Prepared in the 


XXXV. 


Office of the Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surveyor- 
General, in charge, and published under the orders of Colonel H. BR. Thuillier, O.1.E., R.E., 
Surveyor-General of India. Dehra Din, 1894.*T 


The North-East Longitudinal Series, or Series I of the North-East Qnadrilateral. Prepared under 
the directions of Colonel S. G. Burrard, R.E., F.R.S., Superintendent Trigonometrical Surveys, 
and published under the orders of Colonel F. B. Longe, R.E., Surveyor-General of India. Dehra 
Din, 1909. Price Rs. 5.*t 
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LEVELLING OF PRECISION IN INDIA. HEIGHTS OF BENCH-MARKS.* 


1 
1000000 
Price Rupees 2 per pamphlet except where otherwise stated. 


A separate pamphlet has been allotted to each sheet of the map. 


mae Latitude. Longitude. REMARKS. aia Latitude. Longitude. REMABKS. 
35 24°— 28° 64°—68° | Dehra Din, 1911. 57 12°—16° 76°—sv° | Dehra Din. In the press. 
38 32°—36° 68° —72° » Inthe press. 58 #°--1 2° 76°—8v" is » Inthe press. 
39 28°—32° 68° —72° i » in the press. 63 24°-—28° 8U°-—8-4° 7 » 1911. 
40 24°—28° 68°—72° ‘es » gli. 64 20° —24° 8U"-— 84° ‘a » In the preas. 
41 2U0°— 24° 68°—72° ye »» In the press. 65 16°—2v° 8U°—B84° 3 » In the press, 
43 32°— 36° 72°—F6° - » in the-press. 66 12°—16° 8U°.—84° is » In the press. 
44 28°—32° 72°76" - » In the press. 72 24°— 28° 84°— KS? ‘ » In the presa. 
45 24°—28° 72°—7 us » Inthe press. 43 2u° — 24° 84°-— 88° os » In the press. 
46 20°— 24° 72°-—46° es » Inthe press. 74 16° —-20° 84°-—SS? 3 » Ino the preas. 
47 16°—20° 72°—76° si » inthe press. 78 24°— 28° BR° -1)° 7s » In the press. 
48 12°—16° 72°—76° “ » Inthe press. 79 2u°— 24° 88° —Gv? » » In the press. 
49 8°—12° 72°—76° re » 1911. Price Re.lf 83 24°-—28° 9z°— 96°? ie » In the press. 
52 32°—36° 76°—8v° % » in the press. 84 20° —24° 92° —Y6" »» » 1911. 
53 28°—32° 76°—80° | , ,, In the press. 85 16°—2° 92°96? | » 4, 1911. 
54 24°28° nep—sue | ,, 4, I9LL. 92 24° 24° g6°—luu° | 4» =, sD. 
55 20°—24° 76°—80° ee » Inthe press. 93 2u°— 24° 96°—1U0® |» » 1911. 
56 16°—20° 76°—80° se » In the press. 94 16°—2U° 96°—1UU° |» » 1911. 


PROFESSIONAL PAPERS OF THE SURVEY OF INDIA. 


Price Rupee 1 per volume, except where otherwise stated. 


No. 1. On the Projection for a Map of India and adjacent Countries on the scale of 1:1000000. By Colonel St. 
G. C. Gore, R.E. Second Edition, Dehra Din, 1903. 
3, 2. Method of measuring Geodetic Bases by means of Metallic Wires. By M. Jdderin. (Translated from 
or Présentés par Divers Savants a |’ Académie des Sciences de |’ Institut de France). Dehra Din, 
Method of measuring Goedetic Bases by means of Colby’s Compensated Bars. Compiled by Lieutenant H. 
Mc). Cowie, R.E. Dehra Din, 1900. 
Notes on the Calibration of Levels. By Lieutenant E. A. Tandy, R.E., Dehra Din, 1900.*t 
The Attraction of the Himalaya Mountains upon the Plumb-Line in India. Considerations of rent data. 
Pt his S. “a Burrard, ee pecone ae anne Din, 1901. Price Rs. 2.*t 
ccount of a Determination of the Co-efficients of Expansion of the Wires of the Jaderin i 
Apparatus. By Captain G. P. Lenor-Conyngham, RE Dehra Din, 1902.t Pere 
Miscellaneous. Calcutta, 1903.t 


(1) On the values of Longitude employed in maps of the Survey of India. (2) Levelling across the 
Ganges at Damukdia. (3) Experiment to test the increase in the length of a Levelling Staff due 
to moisture and temperature. _(4) Description of a Sun-dial designed or use with tide auges. 
(5) Nickel-steel alloys and their application to Geodesy. (Translated from the Frenc .) (© 
Theory of electric projectors. (Translated from the French.) 


8. Experiments made to determine the Temperature Co-efficients of Watson’s Magneto : ; 
7 . A. Denholm Fraser, R.E. Calcutta, 1905.t gnetographs. By Captain 
», 9. An Account of the Scientific work of the Survey of India and a Comparison of its progress with that of 


Foreign Surveys. Prepared for the use of the Survey Committee, 1905, by Li : 
Burrard, R.E., F.R.S. Calcutta, 1905.+ | y Lieutenant-Colonel S. G. 


», 10. The Pendulum Operations in India, 1903 to 1907. By Major G. P. Lenox-Conyngham, R.E. Dehra Duin 
1908. Price Rs. 2-8.* ) » 


», 11. Observation of Atmospheric Refraction, 1905-09. By H. G. Shaw Survey of India. Dehra Din, 1911.* 


», 12. On the Origin of the Himalaya Mountains. By Colonel S. G. Burrard, C.S.1., R.E., F.R.S. Calcutta 
In the Press. : ? : : 


», 13. Investigation of the Theory of Isostasy in India. By Major H. L. Crosthwait, R.E. Dehra Din: In the 
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HANT)-BOOKS OF THE SURVEY OF INDIA. 
1. Hand-book of General Instructions for the Survey of India Department. Third Edition 
Price Rs. 3.+ 


2. Hand-book of Professional Instructions for 
Edition. Calcutta, 1902. Price Rs. 3.¢ 


§3. Hand-book of Professional Instructions for the Topographical B h . 
Calcutta, 1905. Price Rs. 3.+ peerepm ranch, Survey of India. 


4. Auxilary Tables to facilitate the calculations of the Surve of India. F iti i 
Dehra Din, 1906. Price Rs. 4 in cloth and calf, or Rs. 2 in paper aaa boards *t ourth Edition, revised and extended. 


5. Table for determining Heights in Traversing. Dehra Din, 1898. Price As. 8.* 


6. Tables for Graticules of Maps. Extracts from the Auxiliary Tabl f ; 
Explorers. Dehra Diin, 1910. Price As. 4.* es es of the Survey of India for the use of 


7. Logarithmic Sines and Cosines to 5 places of decimals. Dehra Diin, 1886. Price As. 4,° 
8. Tables of distances in Chains and Links corresponding to a subtense of 20 feet. Price As. 4 + 


available for issue in pamphlet form:— 


Calcutta, 1907. 


the Trigonometrical Branch, Survey of India Department. Second 


Third Edition. 


§ The following chapters of a revised edition of this Hand-book are 
Chapter JI.—Constitution and Organization of a Survey Party.t 
95 IV .—Traversing and its Computation.t 
ne IX.—Forest Surveys and Maps. t 
35 X.—Reproduction of the Sheets of the one-inch Map.t 
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MISCELLANEOUS PUBLICATIONS OF THE SURVEY OF INDIA. 


(Chiefly for Departmental use only.) 


1. Report of the Cartographic Applications of Photography as used in the Topographical Departments of 
Principal States in Central Europe. By Colonel J. Waterhouse. Calcutta, 1870.+ = a . Snes 
2. Report of the Operations connected with the Observation of the Total Solar Eclipse of 6th April 187 
Camorta in the Nicobar Islands. By Colonel J. Waterhouse. Calcutta, 1875. 7 eae 

3. The application of Photography to the Reproduction of Maps and Plans by the Photo-Mechani 
Processes. By Colonel J. Waterhouse. Calcutta, 1878. : : ? : aes ere 
4. Metric Weights and Measures and other Tables. Prepared for the use of the Photographic and Lithographic 
Offices, Survey of India, by Colonel J. Waterhouse, B.S.C., Assistant Surveyor-General of India, assisted by W. OH. 
Cole, Esq., M.A., and T. Archdale Pope, Esq., Survey of India. Calcutta, 1889. Price Rs. 1-8. 
5. The Practical Notes on Preparation of Drawings for Photographic Reproductions. By Colonel J. t ; 
Calcutta, 1890. Price Rs. 2.t erat 7 ° Se 
6. Catalogue of 249 Stars for the epoch January 1, 1892, from observations by the Great Tri tri 
of India. Dehra Dtin, 1893. Price Rs. 2.* ae z = Epona ney 
7. Report on Local Attraction in India, 1893-94. By Captain S. G. Burrard, R.E. Calcutta, 1895. 
8. Instructions for taking Magnetic Observations. By J. Eccles, M.A. Dehra Din, 1896. Price Rs. 1-8.* 
9. Report on the Recent Determination of the Longitude of Madras. Calcutta, 1897.t 
10. Report on the Trigonometrical Results of the Earthquake in Assam. Calcutta, 1898.+ 
11. The Total Solar Eclipse, January 22, 1898. Dehra Din, 1898. Price Rs. 2.*t 
(1) Report on the observations at Dumraon. 


(2) Report on the observation at Pulgaon. 
(3) Report on the observations at Sahdol. 


12. Star Charts for Latitude 20° N. By Colonel J. R. Hobday, I.S.C. Calcutta, 1900. Price Rs. 1-8.+ 

13. Specimens of the Papers set at Examinations for the Provincial Service. Dehra Diin, 1903. Gratis. 

14. Notes on the Theory of Errors of Observation. By J. Eccles, M.A. Dehra Diin, 1903. Price As. 8.* 

15. Report on the Identification and Nomenclature of the Himalayan Peaks as seen from Katmandu, Nepale 
Jalcutta, 1904. Price Rs. 2.t 

16. Notes on the use of the Jiderin Base-line Apparatus. Prepared wnder the direction of Lieutenant-Colonel 
F. B. Longe, R.E. Dehra Din, 1904.*t ° eae 

17. The reproduction of Maps and Drawings—a hand-book for the use of Government officials and others who 
prepare Maps, Plans and other subjects for reproduction in the Photographic and Lithographic office of the Survey 
of India. By T. A. Pope. Calcutta, 1905.* 

18. Rainfall from 1868 to 1903, measured at the G. T. Survey Office. Dehra Din. 


19. Notes on the Topographical Survey of the — Sheets of Algeria by the Topographical Section of the 


‘‘ Service Géographique de l’Armée.”’ By Captain W. M. Coldstream, R.E. Calcutta, 1906.t 

20. Star Charts for Latitude 30° N. By Lieutenant-Colonel S. G. Burrard, R.E., F.R.S. Dehra Din, 1906. 
Price Rs. 1-8.*f 

21. Instructions for the preparation of Maps of the one-inch Standard Sheets, etc. Under the direction of 
Colonel F. B. Longe, R.E. Simla, 1907. : 

22. A Sketch of the Geography and Geology of the Himalaya Mountains and Tibet. By Colonel S. G. Burrard, 
R.E., F.R.S., Superintendent, Trigonometrical Surveys, and Mr. H. H. Hayden, B.A., F.G.S., Superintendent, 
Geological Survey of India. Calcutta, 1907-08.* 

Part I.—The High Peaks of Asia. 
11.—The Principal Mountain Ranges of Asia. 
» III.—The Rivers of the Himalaya and Tibet. | 
», IV.—The Geology of the Himalaya. Price Rs. 2 per part. 


23. Notes on the Drawing of New Standard Maps. By Major W. M. Coldstream, R.E. Calcutta, 1908.t 
24. Routes in the Western Himalayas, Kashmir, etc. By Lieutenant-Colonel T. G. M&ntgomerie, R.E., F.R.8., 
F.R.G.S. Third Edition. Revised and Corrected. Dehra Dun, 1909. Price Rs. 1-8.*t 
25. Ona Simplification of the Computations relating to Rectangular Co-ordinates. By J. Eccles, M.A., Officiating 
Superintendent, Trigonometrical Surveys. Dehra Dun, 1911." 
26. Notes on the Use of Thermometers, Barometers and Hypsometers with Tables for the Computation of Heights. 
By J. de Graaff Hunter, M.A. Dehra Dun, 1911.* 
27. Report on Rubber Offset Printing for Maps. By Major W. M. Coldstream, R.E. Calcutta 1911.t 
28. Notes on Printing Papers suitable for Maps and on Whatman Drawing Paper. By Major W. M. Coldstream, 
R.E. Calcutta, 1911.f 
29. Report on the Working of the Light Field Litho Press (Experimental) in November and December 1910 with 
‘Appendices. By Lieutenant A. A. Chase, k.b. Calcutta, 1911.T 
(1) Notes on Some of the Methods of Reproduction suitable for the Field. 
(2) Suggested Equipment Tables for the Light Field Litho Press (Experimental). 
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‘89. Note on a Change of the Axes of the Terrestrial Spheroid in relation to the Triangulation of the G. T. Survey 
of India. By J. de Graaff Hunter, M.A. Dehra Dun: In the Press. 

31. Miscellaneous Papers relating to the Measurement of Geodetic Bases by Jiderin Invar Apparatus. Dehra 
Din: In the Press. 


REPORTS ON EXPLORATIONS. t¢ 


Price Rupees 1-8 per volume. 
1. Report on the Explorations in Great Tibet and Mongolia, made by A—K., in 1879-82. Dehra Dun, 1891. 
2. Report on the Trans-Himalayan Explorations during 1867. 


3. ” 99 »? ” ” 1868. 
4. ” 9» »? 9 ” 1869. 
5. ry) ” »” » 1870. 
6. on - - n ,, 1875-76 and 1878. 


ee 


eases, oe. 
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7. Report on the Explorations of :— 


(a) Lama Serap Gyatsho, 1856-68, 
(b) Explorer K—P., 1880-24, 

(c) Lama U. G., 1883, ° 

(d) Explorer R. N., 1885-86, 

(e) Explorer P. A., 1885-86, 


in Sikkim, Bhutan and Tibet. Dehra Din, 1889. 
8. Report on the Explorations in Nepal and Tibet by Explorer M—H. (Season 1885-86.) Dehra Din, 1887. 
9. Explorations on the Tsang-Po in 1880-84, by Explorer Kinthup. Dehra Dun, 1911. 


CATALOGUE OF SCIENTIFIC BOOKS, ETC., ETC. 


1. Catalogue of Books in the Head-Quarters Library, Calcutta. 1901. 

2. Catalogue of Maps published by the Survey of India. Calcutta, 1910, Price Re. 1.t 

3. Price List of Mathematical Instrument Office. Calcutta, 1907. Gratis. 

4. Catalogue of Scientific Books and Subjects in the Library of the Trigonometrical Survey Office. Dehra Din, 


1908. Price Re. 1.° 
5. Catalogue of Books in the Library of the Trigonometrical Survey Office. Dehra Dun, 1911. Price Re. 1.* 


ANNUAL GENERAL REPORTS ON THE OPERATIONS OF THE SURVEY OF INDIA.t 


Price of each volume from 1878 to 1900 Rs. 8. 
ss yy ogg~= 1901 to 1911, 2. 


EXTRACTS FROM NARRATIVE REPORTS OF THE SURVEY OF INDIA.t 


Price Rupees 1-8 per volume. 


1. 1900-01. Recent Improvements in Photo-Zincography. GQ. T. Triangulation, Upper Burma. Latitude 
Operations. Experimental Base Measurement with Jaderin Apparatus. Magnetic Survey. Tidal and Levelling 
Report. Topography in Upper Burma. Calcutta, 1903. 


2. 1901-02. Q@. T. Triangulation, Upper Burma. Latitude Operations. Magnetic Survey. Tidal and Levelling 
Report. Topography in Upper Burma. Topography in Sind. Topography in the Punjab. Calcutta, 1904. 


3. 1902-03. Principal Triangulation, Upper Burma. Topography. Upper Burma. Topography, Shan States. 
Survey of the Sdmbhar Lake. Latitude Operations. Tidal and Levelling Operations. Magnetic Survey. Introduc- 
tion of the Contract System of Payment in Traverse Surveys. Traversing with the Subtense Bar. Compilation and 
Reproduction of Thana Maps. Calcutta, 1905. 


4. 1903-04. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Astrono- 
mical Azimuths. Utilisation of old Traverse Data for Modern Surveys in the United Provinces of Agra and Oudh. 
Identification of Snow Peaks in Nepal. Topographical Surveys in Sind. Notes on Town and Municipal Surveys. 
Notes on Riverain Surveys in the Punjab. Caloutta, 1906. 


5. 1904-05. The Magnetio Survey of India. Pendulum Operations. Tidal and Levelling Operations. Triangula- 
tion in Baluchistan. Survey Operations with the Somaliland Field Force. Calcutta, 1907. 

6. 1905-06. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Extract from 
the Narrative Report of No. 11 Party. Calcutta, 1908. 

7. 1906-07. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Triangula- 
tion in Baluchistan. Astronomical Latitudes. Topographical Surveys in Karenni. Extract from the Narrative Report 
of No. 11 Party. Calcutta, 1909. 


8. 1907-08. The Magnetic Survey of India. Tidal and Levelling Operations. Astronomical Latitudes. Pendulum 
Operations. Extract from the Narrative Report of No. 11 Party. Calcutta, 1910. 


9. 1908-09. The Magnetic Survey of India. Tidal and Levelling Qperations. Pendulum Operations. Triangula- 
tion in India. Calcutta, 1911. } 


RECORDS OF THE SURVEY OF INDIA.t 


Price Rupees 4 per volume. 


Volume TI, 1909-10. Topographical Survey. Triangulation, Levelling. Geodetic Survey. Magnetic Survey. 
Tidal Operations. Physiographical Changes. Calcutta, 1912. oo s 


Volume II, 1910-11. Topographical Survey. Triangulation. Tidal and Levelling. Geodetic Survey. Magneti 
Survey. Reproducing offices. Calcutta, 1912. y agnetic 


SURVEY PUBLICATIONS OTHER THAN THOSE PUBLISHED BY THE SURVEY OF INDIA. 


1. An Account of the Measurement of an Arc of the Meridian between the parallels of 18° 3’ and 24° 7". By 


Captain George Everest, of the Bengal Artillery, F.R.S., etc. Published by the Authority of the Hon. East India 
Company. London, 1830. 


An Account of the Measurement of two Sections of the Meridional Arc of India, bounded by the parallels of 


120 3! 15”; 24° 77 11%; and 29° 30 48”. By Lieutenant-Colonel Everest, F.R.S., etc., late Surveyor-Ge l Indi 
and his Assistants. Printed by order of the Court of Directors of the Hon. East India Company. tomdon 1847, aaa 


3. A Memoir on the Indian Surveys. By Clements R. Markham. Printed b d Ee 
of State for India in Council. London, 1871, os y order of Her Hajesty’s Secretary 


Vou. II.) APPENDIX. | 157 


4. A Memoir on the Indian Surveys. By Clements H. Markham, C.B., F.B.S. Printed by order of Her Majesty's 
Secretary of State for India in Council. Second Edition. London, 1878. 

6. A Memoir on the Indian Surveys, 1875—1890. By Charles E. D. Black. Printed and published by order of Her 
Majesty’s Secretary of State for India in Council. London, 1891. 

6. (a2) A Manual of Surveying for India, detailing the mode of operations on the Revenue Surveys in Bengal 
and the North-Western Provinces. Compiled by Captains R. Smyth and H. L. Thuillier, Bengal Artillery. Prepared 
for the use of the Survey Department and published by the Authority of the Government of India. Calcutta, 1851. 

(b) A Manual of Surveying for India, detailing the mode of operations on the Revenue Surveys in Bengal and 
the North-Western Provinces. Compiled by Captains R. Smyth and a L. Thuillier, Bengal Artillery. Prepared for 
the use of the Survey Department, and published under the Authority of the Government of India. Second Edition. 
London, 1855. 

(c) A Manual of Surveying for India, detailing the mode of operations on the Trigonometrical, Topographical 
and Revenue Surveys of India. Compiled by Colonel H. L. Thuillier, C.S.1., F.R.S., F.R.A.S., F.R.G.S., etc., Royal 
Artillery, and Lieutenant-Colonel R. Smyth, late Bengal Artillery. Prepared for the use of the Survey Department of 
ana and published under the Authority of the Government of India. Third Edition, revised and enlarged. Calcutta, 
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